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New information on the experimentally determined vibrational and electronic
energy levels of approximately 500 neutral and ionic transient molecules possessing
from 3 to 16 atoms has been evaluated and added to the previously established
database for these species. There has been selective extension of the compilation to
somewhat less reactive species such as HNCO, HCNO, H,0,, and cis- and frans-
HONO, as well as to many transient molecules which include atoms beyond the
third row of the Periodic Table. Electronic spectral data are also given for a
number of transient molecules which possess more than six atoms. Radiative life-
times and the principal rotational constants are included. Observations in the gas
phase, in molecular beams, and in rare-gas and nitrogen matrices are evaluated. The
types of measurement surveyed include conventional and laser-based absorption
and emission techniques, laser absorption with mass analysis, and photoelectron
spectroscopy.
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major scientific challenge, to which molecular spec-
troscopy has risen. In recent years, the application of
sophisticated sampling and observation techniques has
yielded a wealth of vibrational and electronic spectral
data for these species.
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For some years, the compilation of spectroscopic data
for small polyatomic molecules (3-12 atoms) given by
Herzberg' stood alone as an information source on the
vibrational and electronic energy levels of these species.
To meet the need for an updated, critically evaluated
compilation of the ground-state vibrational energy levels
of small polyatomic reaction intermediates, the first pub-
lication in this series,” which provided data for approxi-
mately 480 transient molecules possessing from 3 to 16
atoms, appeared in 1984, A second compilation,’ con-
cerned with the electronic energy levels of approxi-
mately 500 transient molecules possessing from 3 to 6
atoms, was published in 1988. Vibrational fundamentals
of the ground and excited electronic states and radiative
lifetimes were included. To aid in spectral identification,
the principal rotational constants were also given to
three decimal places. For many of the approximately 150
molecules common to these two sets of tables, there
were significant revisions to the ground-state vibrational
energy levels in the four-year period between the two
compilations. These two sets of tables have provided the
basis for a recently released software database for per-
sonal computers,* designed to supplement the published
compilations by providing a capability for rapid searches
by molecule or wavenumber.

The rapid growth in the scientific literature concerned
with the spectroscopic study of transient molecules and
with their detection in chemical reaction systems contin-
ues. In addition, there has been great progress in the
spectroscopic characterization of small metal clusters
and of the transient species produced by the reaction of
metal atoms with small molecules. With the need for a
scientific base to support new technologies such as those
of plasma processing and chemical vapor deposition,
studies of reaction intermediates which contain the heav-
ier elements have also multiplied rapidly. This compila-
tion revises and extends the evaluated spectral database
for transient molecules, in order to support further re-
search.

2. Scope of Review

New and revised data for approximately 500
molecules are included in this compilation. There has
been selective inclusion of data for somewhat less reac-
tive molecules, including HNCO, HCNO, H,0,, and cis-
and trans-HONO. These species are important in many
chemical reaction mechanisms but are difficult to study
in conventional systems because of the ease with which
they decompose, rearrange, or polymerize. Reaction in-
termediates containing the heavier elements are also in-
cluded. The subject matter of the two published
databases has been merged; in this and future supple-
ments all of the properties given in the published elec-
tronic spectral tables plus the approximate relative
infrared absorption intensities given in the first vibra-
tional data compilation will appear together. The evalua-
tion of electronic energy levels has also been selectively
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extended to transient species which possess from 7 to 16
atoms.

3. Types of Measurement

Studies in the gas phase offer the potential for the most
precise, detailed measurements. Because of the high
chemical reactivity of transient molecules, it is difficult
to obtain gas-phase survey infrared spectra of them. The
well known advantages of Fourier transform infrared
measurements, coupled with sophisticated digital data
handling procedures, have permitted the acquisition of
gas-phase survey spectra for a few transient molecules.
However, tunable infrared laser absorption studies of in-
dividual vibrational bands have been far more frequent.

As in the two earlier compilations, spectral data ob-
tained in rare gas and small covalent molecule matrices
are included. The application of matrix isolation sam-
pling for the stabilization and spectroscopic study of re-
action intermediates has recently been reviewed.’
Because nitrogen and the rare gases are transparent
through the entire infrared spectral region, matrix isola-
tion measurements provide a potentially valuable survey
tool. In these matrices, infrared absorptions are typically
sharp, with half band widths between 0.1 and 1 cm™.
Rotational structure is, with few exceptions, quenched.
Multiple trapping sites occur, often resulting in the ap-
pearance of several absorption maxima—usually one or
two of these predominate—over a range of a few cm™'.
A comparison® of the positions of the ground-state vibra-
tional fundamentals of over two hundred diatomic
molecules observed in the gas phase and in nitrogen and
rare-gas matrices has shown that, typically, the smallest
matrix shift occurs for neon matrix observations, with
successively greater matrix shifts for the heavier rare
gases and for nitrogen. Except for very weakly bonded
molecules and for the alkali metal and Group Illa
halides, matrix shifts of most diatomic molecules isolated
in solid argon are smaller than 2%. A similar comparison
is shown in Fig. 1 for the ground-state vibrational funda-
mentals of both neutral and charged transient molecules
in the gas phase and in neon and argon matrices. Many
of the available neon-matrix data are for molecular
cations, with a heavy representation of halogen-substi-
tuted benzene cations. For these species, as well as for
uncharged molecules, the maximum in the distribution
lies near 0.0%, and most of the matrix deviations from
the gas-phase values amount to less than 1%. Many more
data are available for the argon-matrix comparison.
Again, there is almost an equal probability of a negative
or positive shift from the gas-phase band origin, and ma-
trix shifts greater than 1% occur for only about 10% of
the frequencies available for the comparison.

Many other matrix materials have been employed for
spectroscopic studies. However, complications due to
reaction or to relatively strong interaction (e.g., hydro-
gen bonding) of the transient molecule with the matrix
frequently occur. Therefore, observations in such media
as solid hydrocarbons and aqueous solution and studies
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of condensed reaction products without an inert carrier
have been excluded.

Because of the prevalence of electronic emission spec-
tra and the sensitivity, rapid time response, and cumula-
tive detection capability of the photographic plate in the
visible and ultraviolet spectral regions, the study of the
electronic spectra of reaction intermediates has a rela-
tively long history. Flash photolysis has permitted the
preparation of relatively high concentrations of transient
species. Many electronic band systems of gas-phase tran-
sient molecules have been found through flash photolysis
studies. More recently, a wide variety of laser-based
techniques have also been used for electronic spectral
observations, often with exceptionally high detection
sensitivity. The spatial configuration of the laser beam
makes it an extremely powerful tool for studies of the
energy levels of molecules in molecular beams and gives
it great promise for application in the development of
probes for chemical reaction intermediates in the envi-
ronment, the laboratory, and industrial processes. Laser
studies may be broadly classified according to whether
the interaction of the molecule with the laser beam(s) is
followed by photon or mass detection. Photon-based ob-
servations are amenable to remote sensing applications.
Because pulsed lasers offer an exceptionally wide range
of time specificity, they are very useful for determining
radiative lifetimes and rates of elementary chemical reac-
tions.

The range of tunability of visible and ultraviolet lasers,
like that of infrared lasers, is limited. Therefore, a pre-
liminary survey using conventional gas-phase and/or
matrix isolation spectroscopic studies is often desirable.
A comparison of the positions of the electronic band
origins of diatomic molecules in the gas phase and in
rare-gas and nitrogen matrices has been published.” As
for the determination of ground-state vibrational energy
levels, neon is the matrix material of choice, with a sharp
maximum at 0.0% in the distribution of matrix deviations
for valence transitions of covalently bonded molecules.
In argon-matrix observations, most such band origins are
shifted by less than 2% from the gas-phase values. At the
somewhat higher temperatures often used for electronic
spectral observations in matrices of the heavier rare
gases or of nitrogen, relatively broad phonon bands be-
come prominent. The blue shift of the phonon maximum
from the zero-phonon line in absorption measurements,
and the red shift in emission measurements, typically
amount to approximately 1 to 1.5%. Rydberg transitions
of molecules in matrices often are greatly broadened and
experience much larger shifts. Further details of the be-
havior of electronic transitions of matrix-isolated
molecules have previously been discussed.>*’

Contrary to earlier expectation, it has been found that
the radiative lifetime of a relatively large molecule iso-
lated in a rare-gas matrix is frequently related to the ra-
diative lifetime in the gas phase by a simple refractive
index correction.® In a neon matrix, such a correction
typically decreases the radiative lifetime by about 15%.
For relatively large molecules, often intramolecular
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mechanisms for nonradiative energy transfer are avail-
able both in the gas phase and in the matrix. On the other
hand, the density of excited states is much lower for
small molecules, and matrix shifts may alter perturbation
interactions between two strongly coupled electronic
states, providing a path for nonradiative deactivation. In
this circumstance, fluorescence which is prominent in
the gas phase may even be completely quenched in the
matrix.

The earlier electronic spectral data compilation® con-
tained spectral data for many molecular cations derived
from observations of the photoelectron spectrum of the
corresponding neutral molecule. Most of these studies
were conducted at low to moderate resolution, and un-
certainties amounting to more than 100 cm~! are com-
mon. There have been comparatively few more recent
ultraviolet photoelectron studies of small molecules;
most of the photoelectron data given in this supplement
have been carried over from the earlier compilation, in
which a more detailed discussion is given.

4. Guide to the Compilation

The goals of this compilation are to bring up to date
the earlier evaluations of spectroscopic data for small
polyatomic transient molecules and to provide a selec-
tive extension of these evaluations to other important,
comparatively unstable simple molecules and to transient
species which contain heavier atoms. The literature has
been surveyed through February 1990; only limited ad-
dition of more recent data has been possible. Unfortu-
nately, it is not possible to include data for stable
molecules. However, the spectra of many of these spe-
cies are relatively well established, and sources of data
such as the tables of Herzberg' remain extremely useful.
In using the present compilation and its two earlier com-
panions®® for spectral identifications, it is crucial that the
literature on the spectra of stable molecules also be con-
sulted.

Considerable effort has been given to providing a crit-
ical evaluation of the data. However, for many species
the number of reports is meager. The identity of some
species has been proposed on the basis of chemical evi-
dence. While this evidence may be quite compelling, it is
not definitive. Many examples could be cited in which a
spectrum was later reassigned to characteristic impuri-
ties in the sample. Where chemical evidence has pro-
vided a reasonable basis for the assignment of vibrational
or electronic bands to a transient molecule, data have
been included in this compilation, in the hope that fur-
ther testing of the assignment will be facilitated.

This compilation is designed as a supplement to the
earlier vibrational and electronic spectral data compila-
tions™; it is not feasible to repeat all of the data previ-
ously given. The convention has been adopted that all of
the data for an electronic state for which new information
is available are shown. Therefore, the earlier compila-
tions may give data for electronic states which are not
shown in this supplement. Only the new references are
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given. If the list of references starts with a number
greater than 1, data for the molecule are also included in
an earlier compilation, which should be consulted. A
Master Index is included in this compilation in order to
aid in finding these earlier data. The first electronic spec-
tral compilation,® designated in the following discussion
and in the Master Index by E, provided a revision of the
ground-state vibrational data given in the initial vibra-
tional energy level compilation,’ hereafter designated by
V, for the subset of species with from 3 to 6 atoms for
which excited electronic energy levels have been identi-
fied. Therefore, if data for a molecule are present in both
Vand E, only E need be consulted. For some molecules,
the reference number starts with 1 in this supplement
even though data are present in ¥ and/or E. This may
occur if an early reference was inadvertently omitted
from the earlier tables, necessitating renumbering of later
references, if data have been removed by revision of an
assignment, or if so few data are available for the species
that it is decided that the record for it should not be
fragmented. Whenever the reference number for a
molecule starts with 1 in this compilation, the spectral
data given for that molecule are complete.

While every effort has been made to make these com-
pilations as complete as possible, for various reasons
omissions do occur. The extension of the evaluation to
heavier-atom species and the addition of electronic spec-
tral data for larger molecules has necessitated selection
of the species to be included. It is planned to support this
database, with further selective extension, by periodic
supplements. Data from the earlier tables may have been
omitted from this supplement because later data dictate a
reassignment or because there has been a subsequent re-
finement. An important example of this latter situation is
the replacement of low resolution photoelectron spectral
data by spectroscopic studies with appreciably higher
resolution and greater precision. Candidate molecules or
energy levels may also have been inadvertently omitted.
Suggestions of additions or needed revisions to the data
to be included in subsequent extensions of this database
are welcome, as are inquiries regarding new data added
after the publication cutoff date for this compilation.

Molecular formulas are used in this compilation. In
order to permit a compact index, an attempt has been
made to provide as much structural information as possi-
ble in a minimal amount of space. This restriction is espe-
cially severe for larger molecules. The following
formula abbreviations have been used:

br —  bridged

cyc — cyclic. If parentheses follow, only the
atoms enclosedin them are included in the
ring.

c — cis

t —  trans

Where heavy isotopic peaks are resolved, data are
given for the most abundant isotopic species (e.g., 'Li,
llB, 35Cl’ 79BI').
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As in the earlier compilations, the tables are grouped
by the number of atoms in the molecule and, secondarily,
by the number of hydrogen atoms present. As in ¥ and
E, molecules within a given section of the tables are
arranged in the order of increasing number of valence
electrons. For species with the same number of valence
electrons, molecules with a simple chain of three heavy
atoms are listed in the order, first, of the number of va-
lence electrons in the central atom of the chain and, sec-
ond, of the row which this atom occupies in the Periodic
Table. For larger molecules, the sequence is somewhat
arbitrary, but criteria of increasing molecular size and
grouping in the Periodic Table (e.g., N before Q) are
used. Halogen-substituted species are placed immedi-
ately after related hydrides. Data for substituted
acetylene and benzene cations, which were placed in
special groupings in the earlier vibrational tables, are
merged with data for other species of similar size (e.g.,
eight-atom molecules, large molecules) in this compila-
tion. As before, data are given for both the normal and
the fully deuterium-substituted molecule. However, only
the hydrogen-containing species is listed in the Master
Index.

The heading for each electronic state gives its symme-
try, the point group to which the molecule belongs in
that electronic state, and, where available, references to
a quantitative molecular structure. For C,, molecules,
there is potential ambiguity in the definition of the
molecular symmetry axes. The convention in which the
x axis is chosen perpendicular to the plane of the
molecule, recommended by the Joint Commission for
Spectroscopy of IAU and IUPAP,” has been adopted.
Often this has required the interchange of published as-
signments of energy levels with B, and B, symmetry.

The energy of the electronic transition follows the
state designation and symmetry information. Where pos-
sible, T,, the energy separation between the electronic
energy level of interest and the ground electronic, vibra-
tional, and rotational states of the molecule, is given.
However, where only low resolution data or photoelec-
tron data are available, often only band maxima have
been given in the literature. With photoelectron data, T
is derived by subtracting the value of the first ionization
potential from that of the higher ionization potential
which corresponds to the state of interest. When data for
the first adiabatic ionization potential are available either
from the photoelectron studies or from other photoion-
ization measurements, the footnote phrase “from vertical
ionization potential” implies that the first adiabatic ion-
ization potential is known but that the higher ionization
potential is measured to the peak maximum; the phrase
“from vertical ionization potentials” implies that the en-
ergy difference between the higher and the first absorp-
tion maximum was wused. Because of inherent
uncertainties in the determination of higher ionization
potentials in many photoelectron measurements, pho-
toelectron data above about 18 eV are often omitted.
Except where otherwise indicated, the units of all quan-
tities in these tables are cm~'. Error estimates are those



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES

of the authors of the original literature. The numbers in
parentheses give these estimated errors in relation to the
last digits of the vibrational frequency (e.g., 1234.56(78)
= 1234.56 + 0.78). Where the error includes a decimal
point, the decimal point has been included. As in the
tables of Herzberg,' T, values are given to the center of
multiplet structure. For doublet states the two compo-
nents differ by £ (the spin-orbit splitting constant) and
the energy difference is measured from the average of
the two bands, whereas for triplet states the three com-
ponents fall at 0, =4 with respect to the position from
which the band energy is measured. This convention is
also followed here unless specific states are given. How-
ever, in matrix isolation absorption and laser excitation
studies only the lowest component is accessible. Except
for transitions with relatively small values of A4, this is
also likely to be true of studies using cooled molecular
beams. Often these latter studies give T, values with a
precision better than that to which 4 is known.

The wavelength range (nm) in which various elec-
tronic transitions have been observed is also tabulated.
This range is a composite of the values typical of absorp-
tion and emission measurements. Laser-excited fluores-
cence studies often include both excitation and resolved
emission measurements. Since the position of the band
origin is given, ambiguity should not arise. For informa-
tion on the range in which the band system is observed
for a given type of measurement, see the original litera-
ture cited for that measurement technique.

The format of the vibrational tables is similar to that
used in the two earlier compilations. The vibrational
numbering convention is that used by Herzberg.! Within
a given symmetry species, vibrations are numbered start-
ing with the highest frequency. The same convention is
followed for deuterated species. Therefore, a given type
of vibration may be numbered differently for the deuter-
ated than for the unsubstituted molecule. For triatomic
molecules, the bending vibration is always designated as
v,. For aromatic molecules, an alternate vibrational num-
bering scheme developed by Wilson'® has often been
used in the literature. Where both the Herzberg and the
Wilson numbering schemes have been used for the pub-
lished data, the Herzberg numbering is adopted, and the
Wilson numbering is shown in parentheses. For a few
species, only the Wilson numbering has been used. To
avoid confusion, this is retained in the present tables, and
the use of the Wilson numbering is indicated in a foot-
note. Where possible, the values of AG (%), the separation
between the v = 0 and v = 1 levels for the vibration of
interest, have been used. For some systems, vibrational
frequencies have been determined with a precision
greater than two decimal places, and the tabulated val-
ues have been rounded off. If a bending fundamental is
split by Renner-Teller interaction, the position of the un-
perturbed fundamental is given. Where specific compo-
nents of such a split fundamental have been studied, they
may also be listed, with the transition designated in a
footnote. For a more complete treatment of the Renner
effect and definitions of the parameters included in many
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of these footnotes, see the discussion by Herzberg! and
the references cited for the molecule of interest. A few
of the species in these tables possess out-of-plane vibra-
tions which have resolved inversion splitting structure.
For these, the specific component for which the vibra-
tional frequency is reported is designated in a footnote.
Relative intensities of vibrational bands are dependent on
the technique used for the measurement. It is not feasible
to give these intensities for various techniques. How-
ever, the relative intensities of ground-state infrared ab-
sorptions, omitted from the electronic data tables, have
been restored in this supplement. Abbreviations used for
these include:

vw —  very weak
w —  weak

m —  medium

s —  strong

Vs — very strong
sh — shoulder

br — broad

Where radiative lifetimes have been measured, they
are cited following the vibrational table for the appropri-
ate electronic state. 7,, the radiative lifetime of the vibra-
tionless transition, is given whenever possible. If the
lifetime is accessible only for excited vibrational states,
the subscripts give the vibrational quantum numbers of
the observed band.

When spin-orbit splitting occurs and the splitting con-
stant, 4, is known, it is included in the compilation.

Finally, as an aid in the recognition of electronic band
systems observed with moderately high resolution, the
principal rotational constants are summarized. Where
possible, the values associated with the vibrationless
transition (4o, By, Cy) are given. Occasionally, these val-
ues have not been determined, and the subscript gives
the vibrational quantum numbers appropriate to the
band for which the rotational constants have been mea-
sured. These constants are truncated at three decimal
places. Often, a far more detailed set of molecular con-
stants, with much greater precision, has been derived
from the analysis of high resolution spectra. The refer-
ences to the experimental literature should facilitate the
location of such data.

5. Abbreviations

Many sophisticated laser techniques—frequently em-
ploying two or more laser beams—have been used for
studies of transient molecules. Often the developers of
these techniques have designated them by complicated
acronyms. In these tables, an attempt has been made to
avoid relatively lengthy and unfamiliar acronyms by des-
ignating only the generic type of detection, using the
symbols defined below. (Velocity modulation, desig-
nated as a separate detection technique in the first of this
series of data evaluations,’ is widely used and is consid-
ered to be a measurement tool rather than a type of ob-
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servation. The type of laser used for the absorption mea-
surement in a detection scheme employing velocity mod-
ulation is instead specified in these tables.)

AB

CC
CL
DL
ED
EF
EM

ESR
HFD
1B
1D
IR

LD
LF

LMR

near infrared-visible-ultraviolet absorp-
tion

color-center laser absorption
chemiluminescence

diode laser absorption

electron diffraction

electron-excited fluorescence

near infrared-visible-ultraviolet emis-
sion

electron spin resonance

high frequency deflection

ion beam

ion drift

infrared absorption (conventional or
Fourier transform)

laser difference frequency absorption
laser-excited fluorescence (excitation
and resolved emission)

laser magnetic resonance

LS —
MO —_
MODR —
MPI —
MW —

ND —_
PD —
PE —_
PEFCO —
T-PEFCO —

PEPICO —
PF —
PI —
PIFCO —
PIR —
Ra —
SEP —
TPE —
uv —

laser Stark spectroscopy

molecular orbital calculations
microwave-optical double resonance
muitiphoton ionization

microwave and millimeter wave ab-
sorption

neutron diffraction

electron photodetachment
photoelectron spectroscopy
photoelectron-photon coincidence
threshold photoelectron-photon coinci-
dence

photoelectron-photoion coincidence
photofragment spectroscopy
photoionization

photoion-photon coincidence
photoionization resonance

Raman scattering

stimulated emission pumping
threshold photoelectron spectroscopy
near infrared-visible-ultraviolet absorp-
tion and emission
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Fi6. 1. Comparison of ground-state vibrational frequencies reported for transient molecules (2-16
atoms) in neon and argon matrices with corresponding values obtained from gas-phase measurements.
Beyond scale of neon-matric plot: XeF —7.8%
Beyond scale of argon-matrix plot: CeHs* (v17) —9.4%; (vis) —5.6%
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6. Tables
6.1. H3%, H,, and Triatomic Dihydrides

H3

X Djh
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ai 1 Ring breathing 3178.3 gas IR,PI 11,13,14
e’ 2 Deformation 2521.31 gas LD,JR 14,16
By = 43.571(5); C; = 20.62 LD™DL‘IR!

H.D+

X
Vib. No. Approximate om™! Med. Type Refs.
sym. type of mode meas.
a 1 Ring breathing 2992.51 gas LD 3,6,12

Deformation 220587 gas LD, DL 7

by 3 Deformation 233545 gas LD, DL 7
Ay = 43.438(2); B = 29.134; C, = 16.601 LD,MW12
D:H*

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Ring breathing 2736.98  gas LD 5,12,15

2 Deformation 1968.17 gas DL 9,15

b, 3 Deformation 2078.43 gas DL 9,15

Ap = 36.199; B, = 21.869; C, = 13.070 LD*'>»DL>"

D%
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ai i Ring breathing 23032 gas MO 8
e’ 2 Deformation 1834.67 gas IB,DL. 2,10

B, = 21.824; Cp = 10.510 DL"

24b initio calculation® of gas-phase band center. All other calculated
band centers for the fundamentals of H3 and its deuterium-substituted
counterparts agree within 5 cm~! with the observed band centers.
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Hs

Higher Rydberg states have been detected using photoionization and
field ionization. The ionization limit observed for vibrationally and ro-
tationally unexcited H; from its 2p 245 state is 29562.6(5).'>'>16 Ion
depletion studies have also yielded frequencies for the ring breathing
vibration of a number of these higher Rydberg states.”®

3d ?A; Dis Structure: EM?®

To* = 18511 gas EM?® 3d-2p%43 568-615 nm
EM? 3d-3p’E’ 3891-4456 cm !

By = 42.99; Cy = 22,735 EM?®

3d ’E" Ds, Structure: EM?®

Te* = 18409 gas EMPPF"“  3d-2p4; 568-615 nm
EM® 3d-3p’E’ 3891-4456 cm !

Vib. No.  Approximate cm~! Med. Type Refs.

sym. type of mode meas.

ai 1 Ring breathing 3168° gas Pl 19,23

e’ 2 Deformation 2518 gas EM,PF 22

By = 42.99; C, = 22.735 EM?

3d ’E' D Structure: EM?

To* = 18037 gas EM?® 3d-2p*43 568-615 nm
EM?® 3d-3p°E’ 3891-4456 cm~"

By, = 42.99; C, = 22.735 EM?®

3p ?A; Ds, Structure: EM?®

Ty* = 17789 gas EM?3? Ip’47-25°4} 556-574 nm

T = 37(4) ns gas EMY

B, = 4745; C, = 23.495 EM?®

3s A} D Structure: EMS

To* = 17600 gas EM’PF1* 352412p?47 592-615 nm
EM?¢ 3s245-3p*E’ 3178-3847 cm™!

Vib. No. Approximate cm™ Med. Type Refs.

sym. type of mode meas.

a 1 Ring breathing 3212.1(3)° gas PI 19,23

e’ 2 Deformation 2588(2) gas EM,PF 22

B, = 44.19; C, = 22.676 EM*®
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3p ’E’ Din Structure: EM?®
T* = 13961 gas EM** 3p’E’-25A} 708-736 nm
EM?® 35241-3°E’ 3178-3847 cm™!
EM?® 3d-3’E’ 3891-4456 cm™!
7= L1(+0.2, -1.0) ns gas EM?!
By, = 42.15; G, = 21.505 EM®
2p A% Dy Structure: EM®
To* = 993 gas EM>S 352A45-2p*A3 592-615 nm
EM® 3d-2p°45 568-615 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Ring breathing 3255.38(3) gas PI 17-19
e’ 2 Deformation 2618.34(3) gas P1 18
By = 4458, C, = 22.288 EM®
2s %A, ¢ D Structure: EM?®
gas EM?? 3p24;5-25%4; 556-574 nm
EM* 3plE’-25%4) 708-736 nm
By, = 46.82; C, = 23.41 EM?
H2D
3s ’A 1 Cyy
T ~4ns gas EM?¥
3p 281 C2v
T =29(3) ns gas EMY
3p °A,*B;
= 2.5(+03, —0.7)ns gas EM?
DzH
3s A 7 Cyy
T~ 5ns gas EM®
3p %8B, Co Structure: EM’®
To* = 17834.4gas EM’ 3p’B,-2524, 560 nm
71 = 31.53.2)ns; 7, ~ 8.9 ns gas EMY
3p ’A » ’B, Cu
T=507ns gas EM*
25 %A, Cay Structure: EM’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode _ meas.
a 1 Ring breathing 2950(20) gas EM 20
Ds

The ionization limit of D; with respect to the vibrationless level of its

2p 243 state has found to be 29602.”!

3d A}
To® = 18530 gas

7 = 12(1) ns gas
By = 21.722);C,

Ds, Structure: EM?
EM?® 3d-2p*A3 569-601 nm
EM?® 3d-3p’E’ 3772-4517 cm™!
EM9,20

= 10912) EM®

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

3d ’E" Diy Structure: EM?
T = 18433 gas EM? 3d-2p*A3 569-601 nm
EM? 3d-3p*E’ 3772-4517 cm™!
7 = 12(1) ns gas EM>®
By = 21.72(2);Co = 10.91(2) EM?
3d ’E’ Din Structure: EM®
To* = 18098 gas EM® 3d-2p%43 569-601 nm
EM? 3d-3p*E’ 3772-4517 cm™!
T = 12(1) ns gas EM*®
By = 21.72(2);,Co = 1091(2) EM?
3p °A3 Day Structure: EM?
T = 17872 gas EM>LF’  3p?4;-25°4) 553-569 nm
7o = 29(1) ns gas EM’
By = 22.73(6); Co — 10.68(2) EM®
3s 243 Dy Structure: EM?®
T, = 17642 gas EM’ 35°Ai-2p°A45 592-614 nm
EMS 3s241-3p*E’ 3382-3768 cm~!
T ~10ns gas EM%®
By = 21.98; C, = 1241 EM®
3p ’E’ D Structure: EM®
To® = 14091 gas EM>*?'LF’ 3pE’-25°4} 700-765 nm
EM?® 35°4}-3p2E’ 3382-3768 cm™!
EM® 3d-3p*E’ 3772-4517 cm™!
Vib. No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
aj 1 Ring breathing ~2145¢ gas EM 21
e’ 2 Deformation ~1750°  gas EM 4,21
7 =17.52.0)ns gas EM*?!
By = 21.15; C, = 10.59 EM®
2p 2A3 Day, Structure: EM?®
T = 1052 gas EM3LF’ 3s’4-2p%4; 592-614 nm
EM? 3d-2p*43 569-601 nm
By = 22.112; Cy, = 11.056 EM®
25 %A;° Dsp Structure: EM?
gas EMLF  3p,A}-2524] 553-569 nm
EM*? 3pE’-25A4) 700-765 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ai 1 Ring breathing 2457(10) gas EM 4,20,21
e’ 2 Deformation ~ 1890 gas EM 21
By = 23.09; C, — 11.544(6) EM*?

“Measured with respect to lowest bound state, 2s?4;. Structure ob-
served! in the dissociation spectrum of H; has been reinterpreted’ as
arising from the predissociation of Hj (2s?4;) into H + Ha. Unstruc-
tured emission observed!! between 190 and 280 nm, with a maximum
near 230 nm, upon charge transfer between K and H} or D4 has
been attributed to transitions originating in bound Rydberg states of
H; or D; and terminating in the dissociative ground state continuum.
Photofragment spectroscopy'® has placed the 2p 247 state 5.563(20)
eV above the ground-state H + H, dissociation limit.

®Observed for N = 1 rotational level.

Predissociated by vibronic interaction with the 2p’E’ repulsive
ground state; linewidth is approximately 15 cm~' for H; and 6 cm

for Ds.2
9Tentative assignment.

-1
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MgH:
x D woh
Vib. No.  Approximate cm™' Med. Type Refs.
sym type of mode meas.
n 2 Bend 430 Kr IR 1
417 Xe IR 1
=% 3 Asym. stretch 1558 Kr IR 1
1569 Xe IR 1
1544
MgD:
) D.x
Vib. No. Approximate cm™! Med. Type Refs.
sym type of mode meas.
In 2 Bend 309 Kr IR 1
300 Xe IR 1
= Asym. stretch 1153 Kr IR 1
1160 Xe IR 1
1144
References

1J. G. McCaffrey, J. M. Parnis, G. A. Ozin, and W. H. Breckenridge, J.
Phys. Chem. 89, 4945 (1985).

AlH:
A ?By(Ti)

Den

To < 15200 gas AB!

Structure: AB!

A-X 658.4 nm

Other bands were also observed, but their analysis has not been re-
ported. There is evidence for a predissociation limit at 15450.

By = 3.57 AB!
X A, Cay Structure: AB!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 AlH s-stretch  1766vw  Kr IR 2
2 Bend 760m Kr IR 2
b, 3 AlH a-stretch 1799w Kr IR 2
Ay = 13.6; By, =44; Cy =33 AB!
AID2
X ZAI CZv
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 AID s-stretch 1275vw  Kr IR 2
Bend 560m Kr IR 2
b, 3 AID a-stretch 1320w Kr IR 2
References

!G. Herzberg, “Molecular Spectra and Molecular Structure. III. Elec-
tronic Spectra and Electronic Structure of Polyatomic Molecules,”
pp. 490-491, 583 (Van Nostrand, Princeton, NJ, 1966).

2J. M. Parnis and G. A. Ozin, J. Phys. Chem. 93, 1215 (1989).

CH:

b'B,"

Cov

Structure: AB>?

Tp = 10255(20) gas ABYYLMRLF»

b-2 490-920 nm

CrH: Vib. No. Approximate cm™! Med. Type Refs.
X Ca sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. & 2 Bend ~370 gas AB 3
sym. type of mode S.
Y P mea 7 = 1.90(15) ps LF®
b, 3 CrH a-stretch 1591 Ar IR i 7(0,14,0) = 4.2(2) us LF°
7(0,16,0) = 1.3(3) ps LF!
B, = 7.74 AB!
Barrier to linearity = 1617 ¥
CrD;
X C2v
Vib. No. Approximate cm™' Med. Type Refs.
sym. type of mode meas.
[ 3 CrD a-stretch 1145 Ar IR 1
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a’'A,® Cyy Structure: AB»?%3!

Ty = 3147(5) gas ABMWY2BL MR226OpPEBH] FRSEPY?
b-a 490-920 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 CH s-stretch 2806.01(7) gas LFLD 10,20,31
IR
2 Bend 1352.6 gas AB 3,27,28
b, 3 CH a-stretch 2864.97(2) gas LD, IR 20,31
T ~ 185°

Ao = 20.118Q2); Bo = 11.205(2); Co = 7.069(2) AR
Barrier to linearity = 9750 %

X’B, Cu Structure: ESR*SAB’ LMR'*'"[R!7:%
Vib. No. Approximate cm™! Med. Type Refs.
Sym. type of mode meas.

a 2 Bend 963.10 gas LMR, 12,16
DL 19,25
b, 3 CH,; a-stretch  3190(5)° gas IR 31

Ay = 73.811; B, = 8.450; C; = 7.184 IR%
Barrier to linearity = 1931(30)*

“Value given for CH,.

The a ‘A; and b 'B; states are perturbed by strong Renner-Teller inter-
action.!**? They are also strongly perturbed by interaction with the
X 3B, state.”®

°Calculated value.?!

9From analysis of perturbations involving combination bands.’!
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SiH2
XA, Cz Structure: AB?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ay 1 Sym. stretch 1964 Ar IR 5
Bend 998.62 gas ABLF 249
DL
995 Ar IR 5
b,y 3 Asym. stretch 1973 Ar IR 5

Ao = 8.099; Bo = 7.024; C, = 3.703 ABDL’

¢ In Fermi resonance with 2v,, observed for SiH, at 1993 cm~! and for
SiD; at 1445 cm L.
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NH?%

X8, Cy

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

ay 2 Bend 840(50) gas PE 1

b, 3 Asym. stretch  3359.93  gas LD 3

By = 8.273; Cp, = 7.644 LD?

References

M. Okumura, B. D. Rehfuss, B. M. Dinelli, M. G. Bawendi, and T.
Oka, J. Chem. Phys. 90, 5918 (1989).

PH?%
5 JB] sz
Ty ~5650 gas PIY?
X ,AI CZV
References
'J. Berkowitz, L. A. Curtiss, S. T. Gibson, J. P. Greene, G. L. Hill-

house, and J. A. Pople, J. Chem. Phys. 84, 375 (1986).
’J. Berkowitz and H. Cho, J. Chem. Phys. 90, 1 (1989).

NH:

AZA,0,)* G, Structure: AB™

To = 11122.6 gas AB!S2 s A-X 430-2700 nm
Ar,Kr,Xe® AB*¥ A-X 344-790 nm
N, AR’ A-X 480-620 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 3325 gas AB 1
2 Bend 633 gas AB 1

Toooz = 10.0(1.7) ps gas LF’

Toson = 10(3) ps gas LF”
Approximate v dependence. In another LF study,”? = varied
from 25 to 46 us for relatively unperturbed rotational sublevels, and
there was a weaker ~ 100 us component associatedwith levels which
are substantially perturbed.

B, = 8.78 AB!

Barrier to linearity = 730 *

.17

X?B,* Cyy Structure: AB!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 3219.37 gas LF,EM 6,15
LD 16,21
3220w° N, IR 5
2 Bend 1497.32  gas UV,LF 1,6,8-10
LMR,IR 13,20
1499m N, IR 5
b, 3 Asym. stretch ~ 3301.11 gas LD,LF 16,21

Ag = 23.693; B, = 12.952;
Barrier to linearity = 12024

Co = 8.173 AB“LMRVPIR®
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*The A 24, and X B, states are perturbed by strong Renner-Teller
interaction.

*Origin not observed. A detailed comparison of the argon-matrix data
of Ref. 2 with gas-phase data has been given in Ref. 22. Rotational
structure is resolved in the rare-gas matrices. In nitrogen,’ bands are
very broad and red-shifted by approximately 400 cm—!, with no evi-
dence for rotational structure.

°Assigned® in matrix studies to vi. Gas-phase observation of v, at
3219.37 cm~! and demonstration'® that v, is more intense than v; dic-
tate reassignment to v,.
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PH:

Az, Cy Structure: AB*

T, = 18276.59(3) gas AB4SEM2% A-X 360-880 nm
18215(4) Ar ABB A-X 405-550 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 2 Bend 949.12 gas uv 2,6

949(7) Ar  AB 13,19

T = 4(1) s gas LFOEM™
Ao = 2041; By = 5.60, C, = 4.295(3) AB*EM’
Barrier to linearity = 68407
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(1989).
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SbH:

X C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
b, 3 SbH; a-stretch  1840.5 Ar IR 3
SbD2

X Cu
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
by 3 SbD, a-stretch  1320.2 Ar IR 3
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3L. Andrews, B. W. Moores, and K. K. Fonda, Inorg. Chem. 28, 290
(1989).
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H20*
XB,"® Ca Structure: EM>’LMR’LD"
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 3213.0 gas PE,LD 9,11,13
Bend 1408.42  gas EM,PE 1,59
DL 12
b, 3 Asym. stretch  3259.03  gas LD 11

Ao = 29.0373); B, = 12.4172); Co — 8.468 LMR'LD'DL?
Barrier to linearity = 91877
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NHz
Threshold for electron detachment from ground-state NH7 is
6220(40).1-37

XA, Cyy Structure: CC’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 3121.93 gas CC 4,5
2 Bend 1523 Ar IR 6
b, 3 Asym. stretch  3190.29  gas cC 5
3152 Ar IR 6

Ay = 23.051Q2); By = 13.068(2); C, = 8.115 CC*S
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H-F+

X Cy Structure: CC'?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 3348.71 gas CC 1,2
by 3 Asym. stretch 3334.69 gas CC 1,2

Ao = 34.511; B, = 12.885; C, = 9.080 CC'?
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References NiOD
3. Schafer and R. J. Saykally, J. Chem. Phys. 80, 2973 (1984). X
E. Schafer and R. J. Saykally, J. Chem. Phys. 81, 4189 (1984).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1CI*
) ¢ - Ca Structure: DL'MW2LD? ; g%s::sf; 21123'4 :r ii 1
. r
Vib. No. Approximate cm™! Med. Type Refs.
iym. type of mode meas. References
n 1 Sym. stretch 2643.22  gas LD 3 M. Park, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 25, 1
2 Bend 118413 gas DL 1 (1988).
b, 3 Asym. stretch  2630.14  gas LD 3

Ao = 11.253; B, = 9.124; C, = 4.941 DLMW?LD?
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%S, Saito, S. Yamamoto, and K. Kawaguchi, J. Chem. Phys. 88, 2281
(1988).

’S. K. Lee, T. Amano, K. Kawaguchi, and M. Oldani, J. Mol. Spec-
trosc. 130, 1 (1988).

6.2. Triatomic Monohydrides

BeOH
gas EM' 300-332 nm

A complicated pattern of red-degraded emission bands observed in this
spectral region in discharges through a controlled pressure of H,O or
D,0 using beryllium electrodes has been attributed’ to BeOH and
BeOD, respectively.

References

'A. Antic-Jovanovic, V. Bojovic, and D. Pesic, Spectrosc. Lett. 21,
757 (1988).

ScOD

X
Vib. No. Approximate cm™' Med. Type Refs.
sym. type of mode meas.
3 ScO stretch 699.2 Ar IR 1

References

17, W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3547 (1985).

NiOH

)
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 OH stretch 3648.7 Ar IR 1
3 NiO stretch 682.7 Ar IR 1

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

ZnOH

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
%ZnO stretch  649.6 Ar IR 1
ZnOD
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
%Zn0 stretch  648.1 Ar IR 1
References

'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).

HCC
A Cav
To < 3800 Ar AB?

In an argon matrix, a complicated absorption band system of HC; ex-
tends from approximately 3600 to 7800.”' This band system is exten-
sively perturbed by high vibrational levels of the ground state. A few
of the individual bands have been observed in the gas phase by color-
center laser absorption'®*?, by high resolution emission spec-
troscopy,’* or by time-resolved emission spectroscopy.”® Because of the
extensive perturbations and because of the high energy input in the
gas-phase studies, high ground state vibrational levels are prominent
both in the gas phase'®*1%%2" and in an argon matrix.***!

Quasicontinuous 400-900 nm emission results on 136-110 nm photoly-
sis of C,H, or HCCBr in the gas phase.>!"'*!” The fluorescence life-
times vary from 6 to 20 ps.'"**"7 Unstructured emission from 1 to 5 um
has been detected’® upon 193-nm photolysis of gas-phase C;H,, with
maximum intensity between 3600 and 5000. The HCC fluorescence
resulting from the 193-nm photolysis of HCCBr extends from 500 nm
to 5 um,’® with lifetime increasing from ~5 ps near 500 nm to ~60 ps
near 4000. Unstructured HCC emission between 400 and 500 nm has
also been observed!® on vacuum UV irradiation of C;H; isolated in the
solid rare gases.
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X2+ Ca.v Structure: MW HFeCl
; : x
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. - 3
Vib. No. Approximate cm™! Med. Type Refs.
M 2  Bend 371.60° gas DL 26,27 sym. type of mode meas.
+ 3 CC stretch 1840.57 gas DL 23
1846.0m  Ar IR 1.3.20 FeH stretch 1755 Ar IR 1
A 1739 Kr IR 1
21
A= ~10 IR" Ref
BOOO — 1457 Mw4,6,7,9 LMRIZ e el'ences
Boxw = 1.451 LMR?
IS. F. Parker, C. H. F. Peden, P. H. Barrett, and R. G. Pearson, J. Am.
Chem. Soc. 106, 1304 (1984).
DCC
AT HFeBr
Ty < 3800 Ar AB? X
A complicated absorption band system extends to approximately 7500 - - =
in argon-matrix studies of DC,.2! As for HC,, the band system is exten- Vib. No.  Approximate cm Med.  Type Refs.
sively perturbed by high vibrational levels of the ground state. A few sym. type of mode meas.
of the bands, some of which arise from excited ground-state vibrational
energy levels, have been studied in the gas phase using color-center FeH stretch 1738 Kr IR 1
laser absorption.?2%
References
Xz C.v
IS. F. Parker, C. H. F. Peden, P. H. Barrett, and R. G. Pearson, J. Am.
Vib. No. Approximate cm~! Med. Type Refs. Chem. Soc. 106, 1304 (1984).
sym. type of mode meas.
3t 3 CC stretch 1743.18  gas DL 25 HFel
1746.3m Ar IR 1,3,20,
21 x
By, = 1.203 MW Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
‘Derived from (v; + v3) — [(v2 + v3) — vy]. The detailed assignment
of (v2 + v3) is given in Ref. 27 and that of (v; + v;) — v; in Ref. 26. FeH stretch 1754 Ar IR 1
References
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HFeF
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HFe stretch 1753.2 Ar IR 1
FeF stretch 650.0 Ar IR 1
References

'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
17, 237 (1984).
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HBO
X Cov Structure: MW3*

Vib. No. Approximate cm~! Med. Type Refs.

sym. type of mode meas.

II 2 Bend 754.42 gas DL 6
754m Ar IR 1

>t 3 BO stretch 1825.56 gas DL 2
1817s Ar IR 1

B, = 1.308 DL’MW3
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DBO HCO+
X Ceov X Cov Structure: MW
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
DIRE | BD stretch 225353  gas DL 5 R | CH stretch 3088.74  gas LD,IB 56,15

2259w Ar IR 1 In 2 Bend 829.72 gas DL 10,11
n 2 Bend 606m Ar IR 1 + 3 CO stretch 218395 gas DL 7,8,14
2t 3 BO stretch 1647.69  gas DL 5

1648m Ar IR 1 B, = 1.488 MwW**
By = 1.049 gas MW*

DCO+*
References
X C.v

'E. R. Lory and R. F. Porter, J. Am. Chem. Soc. 93, 6301 (1971).
%Y. Kawashima, K. Kawaguchi, and E. Hirota, Chem. Phys. Lett. 131, Vib. No. Approximate cm™! Med. Type Refs.
205 (1986). sym. type of mode meas.
%Y. Kawashima, Y. Endo, K. Kawaguchi, and E. Hirota, Chem. Phys.
Lett. 135, 441 (1987). Dins 1 CD stretch 2584.56  gas DL 12
*Y. Kawashima, Y. Endo, and E. Hirota, J. Mol. Spectrosc. 133, 116 I 2 Bend 647(25)  gas PE 1,13
(1989). 3+ 3 CO stretch 1904.06  gas DL 9
*Y. Kawashima, Y. Endo, K. Kawaguchi, T. Suzuki, M. Fujitake, and
E. Hirota, 44th Symposium on Molecular Spectroscopy, Columbus, By = 1201 MwW**

Ohio, June 1989.
¢J. E. Butler, unpublished data.

HBF*
X Cov Structure: MW??
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
=t 3 BF stretch 1633.22  gas DL 1
By, = 1212 IR'MW?3
DBF+

By = 0972 MW
References

K. Kawaguchi and E. Hirota, Chem. Phys. Lett. 123, 1 (1986).
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HCC-

Threshold for electron detachment from ground-state
HCC- = 23950(50) gas PE'

X Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
I 2 Bend 505(20) gas PE 1
=3 CC stretch 1800(20) gas PE 1
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X Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
s+ 1 CH stretch 3141.68  gas CC 4,5
I 2 Bend 766.45 gas DL 3
B, = 0.712 MW"DL*CC*?
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HOC+
X Cov Structure: MW!-3
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
st 1 OH stretch 3268.03 gas LD 4
By = 1492 MW LD*
DOC*
X Cov

By = 1274 MW?
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HN%

X Cov Structure: MW*IRY
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
>+ 1 NH stretch 323396 gas CC,IB 511,12

IR

I 2 Bend 686.80 gas DL 8,10
>t 3 NN stretch 2257.87 gas DL 6
By = 1.541 MW!BDLIIR 2

DN%

X Cav
Vib. No. Approximate cm™! Med. Type Refs.
sym1. type of mode meas.
3+ 1 ND stretch 2636.98 gas LD 7
II 2 Bend 543.18 gas DL 9,10
>+ 3 NN stretch 2024.04 gas DL 6,10
By = 1.286 MW??
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HOSI*
X C.. Structure: LD,DL!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ 1 OH stretch 3662.36 gas LD 1
3 SiO stretch 112701 gas DL 2
By = 0.609 LD'DL?
DOSit
' Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 OD stretch 2716.56  gas LD 1
3 SiO stretch 1103.11  gas DL
B, = 0541 LD'DL?
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HCO
B C,

To = 38695.5 gas EMCLF?2 B-X 235-410 nm
38595(35) Ar AB! B-X210-260 nm
38567(35) CO AB’ B-% 210-260 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 1 CH stretch 25892 gas EM,LF 6,25,26

2570(30) Ar AB 511
2570(30) CO AB 5

2 ~1375 . gas LF 25,26
1375(35) Ar AB 5,11
1375(35) CO AB 5

3 1058 gas LF 25,26
1035(35) Ar AB 5,11
1035(35) CO AB 5

Ao = 15.87; By = 1.192; C, = 1.107 LF?*
To ~ 50ns gas LF%

A2amy cC.,

To = 9297(3) gas ABYLF*
Bands with K’ > 0 are diffuse.

A-X 460-860 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 1 CH stretch 33193) gas uv 1,3,8
2 Bend 805 gas uv 1,3,8
3 CO stretch 1812.2 gas uv 1,3,8
Toso = 46(4) ns LFY
B, = 1.3¢ UV
Xxza G, Structure: MW'UV?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CH stretch 243448  gas LF,PE 17,18,25
DL,LD 22
IR 23
2483m Ar IR 5
2488m CO IR 4
2 Bend 1080.76  gas uv 1,3,8
LS,LMR 9,10
LF 25
1087s Ar IR 5
1090s CO IR 2,4
3 CO stretch 1868.17  gas IR 12,23
LMR,LF 13,25
1863vs Ar IR 5
1861vs CcO IR 2,4
Ay = 24.329; B, = 1.494; C, = 1399 UVI¥MW'"
DCO
Az2a'm) C.,

To = 9162(3) gas UV"SLF*
Bands with K’ > O are diffuse.

A-X 460-860 nm

*The B(100) — X(000) band was previously assigned®!! as the origin of
the C state. However, the studies of Ref. 25 and 26 have determined
that its band contour is identical to that of the origin of the B 24" state.
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HCF

AAar C, Structure: AB!LF$

To= 1727747  gas AB'CLLF™® - 430-635 nm
17320(15)  Ar AB? A-X 469-546 nm

Evidence has been obtained®® for perturbation of the 4 state by high
vibrational levels of the ground state and by the low-lying triplet state.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 2 Bend 1021.26  gas ABLF 1,7

1000(20) Ar AB

Ao = 25.69; B, = 1.162; C; = 1.107 AB'LF*
To = 2.45(10) s gas LF*

71 = 2.57(16) ps; 7, = 12.5(8) us gas EMP
a‘a” C,
To < 5140(700) gas PE"®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 1170(50) gas PE 12
3 CF stretch 1170(50) gas PE 12
XA’ Cs Structure: AB'LF**SEP!!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CH stretch 2643.04 gas SEP 11
Bend 1403.20 gas ABLF 1,7
SEP 11
1406vw  Ar IR 2
3 CF stretch 1180(30) gas PE 12
1181.5m Ar IR 2
Ao = 15.563; B, = 1.223; C, = 1.130 AB'LF’SEP"
DCF
AAa” C,

T, = 17293.426(3) gas CL’LF* A-X 460-585 nm

Vib. No. Approximate cm™! Med. Type Refs.
i i -1 fs.
:;1; Ne- ggzr(?;&;n:ct; e Med. r’l;l};zz Refs sym. type of mode meas.
2+ 1 CD stretch 2547(2) gas uv 1,3,8 a’ 2 Bend 780(5) gas CL 3
n 2 Bend 641.7(7) gas uv 1,3,8

B, = 1.10 UV!3#

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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asa G, References
12
To < 5140(700) gas PE IK. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HCI
a' 2 Bend 820(50) gas PE 12 .
3 CF stretch 1170(50) gas PE 12 a G
To < 3150(700) gas PE!
xXa C, X (08
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm-! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a® 2 Bend 1046m  Ar IR @’ 3 Clstretch 60040) gas PE 1
3 CF stretch 1190(30) gas PE 12
1183m Ar IR
References

A, = 8.828; B, = 1.120; Cp = 0.990 LF*
References

T, Suzuki and E. Hirota, J. Chem. Phys. 88, 6778 (1988).

1ZK. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.

Chem. Phys. 89, 5442 (1988).

BT, Ibuki, A. Hiraya, K. Shobatake, Y. Matsumi, and M. Kawasaki, J.

Chem. Phys. 92, 4277 (1990).

HCCI
a’‘A” C,
To < 3990(1050) gas PES

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’' 3 CCl stretch 870(70)  gas PE 5
XA C Structure: AB'LF®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 120lwm Ar IR 2
3 CCl stretch 810(30) gas PE 5
815s Ar IR 2

Ao = 15.759; By = 0.605; Cp = 0.581 AB'LF’

References

K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.

Chem. Phys. 89, 5442 (1988).

HCBr
a’Aa” C,
T, < 3150(700) gas PE!

XA C,

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a' 3 CBr stretch 660(40) gas PE 1

K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.

Chem. Phys. 89, 5442 (1988).

HNO

A'a G Structure: ABY

To = 131544 gas ABALF!3%
13118Q2)  Ar AB

Onset of predissociation at 16450(10) LF"

A-X 550-770 nm
A-¥ 590-762 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 NH stretch 2854.17 gas AB 4
Bend 981.18 gas AB 1
982 Ar AB 2,3
3 NO stretch 1420.77 gas AB 1
1422 Ar AB 2,3

T =25(4) s LF2M2
Ao = 22.156; By = 1.325;

DNO
Aam

Tp = 13180.3 gas AB!
Onset of predissociation at 17010(10) LF'#Y

Cy = 1.242 AB“MODR!"

A-X 550-770 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 1 ND stretch 2176.49  gas AB 4

2 Bend 755.31 gas AB 1

3 NO stretch 1401.28 gas AB 1
Tou = 32.4(1.6) us gas LF%?

Ao = 12.630; B, = 1.199; C, = 1.088 AB“*

References

2§. Mayama, K. Egashira, and K. Obi, Res. Chem. Intermed. 12, 285

(1989).
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X" C,

Threshold for electron detachment from ground-state HCF~ = -

4490(40) gas PE! Vib. No. Approximate  cm™' Med. Type Refs.
sym. type of mode meas.

2A"

XA C @ 3  Clstretch 35040) gas  PE 1

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas. References

a' 3 CF stretch 745(30) gas PE 1
'K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

DCF—

x4 ¢ HNO™
- - Threshold for electron detachment fi - - o=

Vib. No. Approximate cem™! Med. Type Refs. 2730(120) gas PE! achment from ground-state HNO

sym. type of mode meas.

@ 3  CF stretch 73030) gas  PE 1 X G
Vib. No. Approximate cm™! Med. Type Refs.

References sym. type of mode meas.
K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J. a’ 1 NH stretch 2750.78  gas PD

Chem. Phys. 89, 5442 (1988).

HCCI—

Threshold for electron detachment from ground-state HCCl~ =
9790(40) gas PE!

XA C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 3 CCl stretch 470(30) gas PE 1

References

K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

HCBr~

Threshold for electron detachment from ground-state HCBr~ =
12550(65) gas PE!

X" G,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’' 3 CBr stretch 430(40) gas PE 1

References
K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

HCI~

Threshold for electron detachment from ground-state HCI™ =
13580¢100) gas PE!

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

2
1153(170) gas  PE 1
Ao = 15233; (Bo + Co)/2 = 1.097; (By — Co)/2 = 0.034  PD?

3 NO stretch

DNO~

Threshold for electron detachment from ground-state DNO~ =
2660(120) gas PE!'

X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 3 NO stretch 1113(170) gas PE 1

References

'H. B. Ellis, Jr., and G. B. Ellison, J. Chem. Phys. 78, 6541 (1983).
4. C. Miller, J. L. Hardwick, and J. W. Farley, J. Mol. Spectrosc. 134,
329 (1989).

HO:
X:A" C, Structure: MWH*UVZLMR¥ESR”
IR31,33
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 343620 gas LD 26
3415.1 Ne IR 36
3412.58* Ar IR 1,4,7
3400 0, IR 32
2 Bend 1391.75  gas DL 24
1397.8 Ne IR 36
1388.5vs* Ar IR 1,4,7
1392 0, IR 32
3 0O stretch 1097.63  gas LMR 18
DL 29,30
1100.3 Ne IR 36
1101.1s* Ar IR 1,4,7
1109 O, IR 32

Ay = 20.356; B, = 1.118; C, = 1.056 LMR&! 2B WIITSEM '



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES 1405

DO: DOI
XA" C X
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 OD stretch 2549.22  gas LD,DI. 31 a’ 1 OD stretch 2653 N; IR 1
2529.2 Ne IR 36 2 Bend 808 N; IR 1
2529.5m* Ar IR 1,4,7 3 OI stretch 571 N; IR 1
2521 0, IR 32
2 Bend 1020.16  gas LMR,DL 22,33
1027.3  Ne IR 36 References
1019.9s* Ar IR 1,4,7 :
1024 0O, IR 32 IN. Walker, D. E. Tevault, and R. R. Smardzewski, J. Chem. Phys. 69,
3 OO stretch 1121.47  gas LMR,DL 22,33 564 (1978).
1124.7 Ne IR 36
1122.9vw* Ar IR 7

Ao = 11.194; By = 1.056; Cp = 0.961 MWHIHEM MR?233
ESR%
“Refined value from unpublished Fourier transform spectra.

References

¥%W. E. Thompson and M. E. Jacox, J. Chem. Phys. 91, 3826 (1989).

DSO
A4 C,
T, = 14371 gas CL'LF® A-X 520-960 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 575(10) gas LF 7
3 SO stretch 702(10) gas CL 1

7" = 76 us gas LF*
Ap® = 4.969(7); B® = 0.566; C,* = 0.507 LF"#

*Measured at 606.0 nm.
YExtrapolated from values for 021 and 022.

References

8Y. Takehisa and N. Ohashi, J. Mol. Spectrosc. 130, 221 (1988).

HOI
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 3597m N, IR 1
Bend 1075 Ar IR 1
1103m N, IR 1
3 Ol stretch 577 Ar IR 1
575m N, IR 1

HS?2
Threshold for electron detachment from ground-state HS; =
15390(185) gas PE!'

X (o
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a’ 3 SS stretch 610(80) gas PE 1
DSz

Threshold for electron detachment from ground-state DS; =
15430(120) gas PE!

X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 3 SS stretch 580(90) gas PE 1
References

!S. Moran and G. B. Ellison, J. Phys. Chem. 92, 1794 (1988).

FHF-
X D.n Structure: DL?

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

2t 1 Sym. stretch 583.05 gas DL 5

I, 2 Bend 1286.03 gas DL 5
1217m Ar® IR 1,2

=03 Asym. stretch  1331.15  gas DL 5
1379 Ne IR 4
1377.0s  Ar IR 3,4
1364vs Ar* IR 1,2

B, = 0334 DL’

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
nm 2 Bend 880m Ar IR 1,2
=% 3 Asym. stretch ~ 965s Ar IR 3,4
969vs Ar* IR 1,2

*Cs* in adjacent site.
References

'B. S. Ault, J. Phys. Chem. 82, 844 (1978).

’B. S. Ault, J. Phys. Chem. 83, 837 (1979).

’S. A. McDonald and L. Andrews, J. Chem. Phys. 70, 3134 (1979).
‘R. D. Hunt and L. Andrews, J. Chem. Phys. 87, 6819 (1987).

K. Kawaguchi and E. Hirota, J. Chem. Phys. 87, 6838 (1987).

CIHCI—

An absorption maximum which appeared at 287 nm in argon-matrix
studies? of the 122-nm photolysis of Ar:HCl or Ar:H,0:Cl, samples and
in argon-matrix studies® of the electron bombardment of Ar:HCI sam-
ples has been assigned to an electronic transition of CIHC1.

X D., Structure: DLS

-1

Vib. No. Approximate cm Med. Type Refs.

sym. type of mode meas.

3 1 Sym. stretch 260 Ar IR 1-3

2% 3 Asym. stretch  722.90 gas DL 5
696s* Ar IR 1-3

B, = 0.0974 DL}

CIDCI—

X

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

21 Sym. stretch 267°c Ar IR 1-3

503 Asym. stretch  463* Ar IR 1-3

*Attributed by Ref. 1 to the uncharged species. Reassigned to the anion
by Ref. 2, and Ref. 3 demonstrated that the absorptions did not appear
when the atoms were present but a supplementary high energy source
suitable for inducing photoionization or electron transfer was not.
The increase in the rate of isotopic exchange in the YCl + H¥Ci
reaction for vibrationally excited HCI* indicates that there is a poten-
tial barrier, rather than a minimum, for the CIHCI neutral species.

®Assignment deduced from weak to moderately intense combination
with 696 cm~! fundamental that appears at 956 cm™'.

cAssignment deduced from weak to moderately intense combination
with 463 cm~! fundamental that appears at 730 cm™".

References

'P. N. Noble and G. C. Pimentel, J. Chem. Phys. 49, 3165 (1968).

’D. E. Milligan and M. E. Jacox, J. Chem. Phys. 53, 2034 (1970).

3C. A. Wight, B. S. Ault, and L. Andrews, J. Chem. Phys. 65, 1244
(1976).

*M. Kneba and J. Wolfrum, J. Phys. Chem. 83, 69 (1979).

K. Kawaguchi, J. Chem. Phys. 88, 4186 (1988).

¢J. Hacaloglu and L. Andrews, Chem. Phys. Lett. 160, 274 (1989).
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6.3. Triatomic Nonhydrides

Lis

2°FE’ Dsy?

To = 14583  gas  MPI? 2?E’-X 660-690 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
aj 1 Sym. stretch 326 gas MPI 2

X Djha
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
ai 1 Sym. stretch 303 Xe Ra 1

‘*Subject to dynamic Jahn-Teller distortion. Structure in the 22E’ state

is characterized by a radial frequency w; = 191 and linear and
quadratic Jahn-Teller parameters k = 0.77 and g = 0.15. In the X
state, as well, a complicated pattern of absorptions accompanies the
absorption attributed to v;.

References

'M. Moskovits and T. Mejean, Surf. Sci. 156, 756 (1985).
%J.-P. Wolf, G. Delacrétaz, and L. Woste, Phys. Rev. Lett. 63, 1946
(1989).

Nas

Evidence for a predissociated state near 420 nm was obtained from the
depletion of the single-photon ionization signal of Na3, with a corre-
sponding increase in the Na? signal, as this region was scanned by a
second laser.*’

CE" Da?

To = 20813  gas  MPI>*%3PF®
Higher vibrational bands are predissociated.”

C-X 467-481 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ai 1 Sym. stretch 135 gas MPLPF 8

Extensive vibronic structure has been tentatively assigned® to energy
levels derived from excitation of v, (¢'), perturbed by dynamic Jahn-
Teller interaction.

70 = 7(3) ns gas MPI’

BB ’E' Dy’

To = 15996 gas  MPI'-¢ B,B'-X 550-625 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a; 1 Sym. stretch 127 gas MPI 1,3
7(B,16255) = 14(5)ns gas  MPI’

T(B',17418) = 7(3) ns gas MPI

Vibronic pseudorotation accompanied by fractional quantization oc-
3
curs.



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES

A 2E " Dgha

To = 148965 gas  MPI'2+6 A-X 660-675 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

1 Sym. stretch 128.5 gas MPI 4,6

2 Bend 47 gas MPI 4,6
To= 60(10)ns gas MPI’
X IE ! ]:’31,,a
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 139 gas MPI, 4,6
SEP 9,10
2 Bend 49.5 gas MPI, 4,6
SEP 9,10
3 Asym. stretch 87 gas MPI, 6,9,10
SEP

“Distorted by Jahn-Teller interaction.
References

™. Broyer, G. Delacrétaz, N. Guoquan, J. P. Wolf, and L. Wéste,
Chem. Phys. Lett. 145, 232 (1988).

¥M. Broyer, G. Delacrétaz, G.-Q. Ni, R. L. Whetten, J.-P. Wolf, and L.
Woste, J. Chem. Phys. 90, 843 (1989).

M. Broyer, B. Delacrétaz, G.-Q. Ni, R. L. Whetten, J.-P. Wolf, and L.
Woste, J. Chem. Phys. 90, 4620 (1989).

10M. Broyer, G. Delacrétaz, G.-Q. Ni, R. L. Whetten, J.-P. Wolf, and
L. Wdste, Phys. Rev. Lett. 62, 2100 (1989).

Ags

In argon, krypton, and xenon matrices, absorption bands near 40660,
43130, and 45020 have been attributed™® to Ag;.

2E " D;ha
T, = 26971(10) gas  MPI*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 158.2(1.9) gas MPI 4

Extensive vibronic structure has been assigned* to energy levels
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References

'W. Schulze, H. U. Becker, R. Minkwitz, and K. Manzel, Chem. Phys.
Lett. 55, 59 (1978).

*W. Schulze, H. U. Becker, and H. Abe, Chem. Phys. 35, 177 (1978).
3G. A. Ozin, H. Huber, and S. A. Mitchell, Inorg. Chem. 18, 2932
(1979).

K. LaiHing, P. Y. Cheng, and M. A. Duncan, Z. Phys. D 13, 161
(1989).

Scs
X?E'? Dy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
at 1 Sym. stretch 248 Ar Ra 1
e’ 2 Bend ~150 Ar Ra 1

References
M. Moskovits, D. P. DiLella, and W. Limm, J. Chem. Phys. 80, 626
(1984).

Mns;

A broad absorption with maximum near 14750 (678 nm) has been as-
signed' to Mn; isolated in an argon matrix.

X Dsy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 196 Ar Ra 1
e’ 2 124* Ar Ra 1

2Structure due to Jahn-Teller interaction observed.
References

K. D. Bier, T. L. Haslett, A. D. Kirkwood, and M. Moskovits, J.
Chem. Phys. 89, 6 (1988).

Ni3
In an argon matrix, an absorption maximum at 420 nm has been at-
tributed’ to Nis.

derived from excitation of v, (e'), perturbed by dynamic Jahn-Teller A
interaction. gas LF? A-X 455-470 nm
In argon, krypton, and xenon matrices, an absorption maximum near Tp = 20820 Ar AB! A-X 449-481 nm
23700 has been attributed®® to Ag;.
. Vib. No. Approximate cm™! Med. Type Refs.
X sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. 1 Sym. stretch 205(5) gas LF 3
sym. type of mode meas. 202 Ar AB 1
2 Bend 90(5)* gas LF 3
1 Sym. stretch 120.5(5) Kr Ra 1

*Distorted by Jahn-Teller interaction.
*Possibly the ground state-of a linear isomer.
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X s
Vib. No. Approximate  om™  Med. Type  Refs. Vib. No. Approximate  cm~'  Med. Type  Refs.
sym. type of mode meas. sym. type of mode meas.

1 Sym. stretch 230(5) gas LF,PE 34

232 Ar Ra 2 132.6(8) gas MPI 1
2 Bend 100(5) gas LF 3
*Possibly a 15 band.
*Tentative assignment.
References
References

M. Moskovits and J. E. Hulse, J. Chem. Phys. 66, 3988 (1977).

IM. Moskovits and D. P. DiLella, J. Chem. Phys. 72, 2267 (1980).

3J. R. Woodward, S. H. Cobb, and J. L. Gole, J. Phys. Chem. 92, 1404
(1988).

‘K. M. Ervin, J. Ho, and W. C. Lineberger, J. Chem. Phys. 89, 4514
(1988).

Pds;

Structure in the photoelectron spectrum' of Pd; can be interpreted in
terms of an electronic state with origin < 720(30) and with vibrational
spacings of approximately 230. There may also be an electronic state
near 1900, as well as one near 2570. A series of bands with a spacing of
approximately 210 appears above the band at 2570.

References

'K. M. Ervin, J. Ho, and W. C. Lineberger, J. Chem. Phys. 89, 4514
(1988).

Pta

The photoelectron spectrum of Pt3 suggests' that Pt; may possess an
electronic state 1225(30) above the ground-state. Structure may be con-
tributed by a short vibrational progression with spacings of approxi-
mately 180 or by other low-lying electronic states.

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Sym. stretch 225(30* gas PE 1
Bend 105(30) gas PE 1

'Z. Fu, G. W. Lemire, Y. M. Hamrick, S. Taylor, J.-C. Shui, and M. D.
Morse, J. Chem. Phys. 88, 3524 (1988).

BBO
A Cov

Ty = 16301 gas  CL! A-X 590-695 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3 BB stretch 437 gas CL 1

X CnoV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
+ 3 BB stretch 583 gas CL 1

References

'T. C. Devore, J. R. Woodward, and J. L. Gole, J. Phys. Chem. 92,
6919 (1988).

*In an alternate assignment, this band is contributed by a low-lying
electronic state.

References

K. M. Ervin, J. Ho, and W. C. Lineberger, J. Chem. Phys. 89, 4514

(1988).

Als

T* = 16610 gas MPI!

516-602 nm

Overlapping continuum with high-frequency edge at 19378(10). This
continuum may be associated with unresolved high vibrational levels

of another electronic state.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

1 270.6 gas MPI 1

2 205 gas MPI 1

Lifetimes (possibly radiative) vary' from 98 to 21 pus.

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

Cs

O} Dn
To = 52826(30) Ar AB" 170-190 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 1080(30) Ar AB 15
I, 2 Bend 300(30* Ar AB 15
3 Asym. stretch 780(30)® Ar AB 15

B8

In 2-photon ionization studies of jet-cooled Cs, a complicated group of
bands, all with rotational structure appropriate for a £{ — =% vibronic
transition arising from the X state, has been observed between 266 and
302 nm.” Lifetimes of these bands range from 0.4 to 2.5 s, and the B’
value for the first intense band, at 33153(5), is 0.396(3). These same
bands, as well as bands at somewhat lower energies (possibly below the
ionization threshold) and some bands arising from a 2§ — II; vibronic
transition, have also been studied using LF measurements on cooled
beams.?
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A1, D.x Structure: UV®
To = 246755 gas EM"2SAB**’LF"# 4_X 340-640 nm
24640  Ne AB**EM’LF" A-X 347-488 nm
24370°  Ar AB*LF! A-% 352-411 nm
24350 Kr AB’
23610  Xe ABY
24635 N, AB’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=1 Sym. stretch 1085.9 gas AB 6
10946) Ne  AB 5
1093(6) Ar AB 5,7
1090 Kr AB 7
1120 Xe AB 7
1050 N, AB 7
m, 2 Bend 307.94 gas AB 6
2t 3 Asym. stretch ~840° Ne AB 8

7o = 200(10) ns gas LF'21

In a neon or argon matrix,'! efficient intersystem crossing into the @ *IT,
state occurs, and 7 < 10 ns.

By = 0.430 UV*¢

a°n, D._n

To = 17080 Ne EM’LF! a-X 585-631 nm
16930 Ar EM®
7 ~002s Ne EM?

X3yt Do Structure: UV?®

This state of C; is highly anharmonic. The term values of 144 excited
vibrational energy levels have been determined in SEP?! and LF® stud-
ies.

Vib. No. Approximate cm-! Med. Type Refs.
sym. type of mode meas.
pOps 1 Sym. stretch 12245 gas AB,LF 9,17,23
1226 Ne EM 5
1207¢ Ar IR 19
1234 N, IR 19
m 2 Bend 63.77 gas UV,.DL 6,22,23
SEP 24
~708 Ne,Ar AB 5
2t 03 Asym. stretch 2040.02 gas IR,.DL 16,18
LF 23
2042 Ne IR 4
2038s Ar IR 4,10
2031 N, IR 19

B, = 0.430 UVSIR“DL"™

*22vy).

Alternate assignment gives 1320.

°In the LF studies,'' a second site was observed with T, = 24408.

do. Large Renner splitting, with € = 0.537.¢ Detailed comparisons of
gas-phase with neon- and argon-matrix band positions are given in
Refs. 8 and 14. Ref. 14 also gives a more detailed analysis of electronic
orbital angular momentum effects in the gas-phase molecule.

V1 + vi) — v,

f~45 in X(011).2

8Greatly broadened in a rare-gas matrix by interaction with lattice
modes. !
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SiCC
A'B, Cyy Structure: PI'ABY
To = 20085.505 gas EM'AB*''LF* A-X 402-507 nm
20142 Ne ABLF* A-X% 409-611 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 CC stretch 1464 gas EM,AB 1,34,
LF 11
1462 Ne ABLF 24
1457 Ar AB 9
2 CSi s-stretch 979 gas AB,LF 34
1011 Ne ABLF 24
1021 Ar AB 9
b, 3 CSi a-stretch 2282 gas EM,AB 1,34,
LF H
2312 Ne AB,LF 24
224* Ar AB 9

70 = 370 ns gas LF*
310 ns Ne LF*
Ao = 1.589; By = 0.411; C, = 0.324 AB!
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XA, Cy Structure: PPMWS$’AB!!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 CC stretch 1742 gas EM 1
1746s Ne IR,LF 24
1741.3 Ar IR 8,14
2 CSi s-stretch 837 gas EM 1,10
836m Ne IR,LF 2,4
824.3 Ar IR 8,14
by 3 CSi a-stretch 1778 gas LF 4
186(11)  gas MW 13
1722 Ne LF 4
160.4 Ar IR 14

Ao = 1.750; B, = 0.439; C, = 0.348 MWS"213A B!

1@v;).
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Si.C
X Ca Structure: IR!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 658wm  Ar IR 1
b, 3 Asym. stretch 1189s Ar IR

References

1Z. H. Kafafi, R. H. Hauge, L. Fredin, and J. L. Margrave, J. Phys.
Chem. 87, 797 (1983).

AICO
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
CO stretch 1872s Ar IR 1
References

. G. V. Chertikhin, I. L. Rozhanskii, L. V. Serebrennikov, and V. F.
Shevel’kov, Zh. Fiz. Khim. 62, 2256 (1988); Russ. J. Phys. Chem. 62,
1165 (1988).
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CCN

A2\ Cov

Tp = 21259.203 gas AB'LF‘EM® A-X 376-471 nm

21377 Ar LFAB? A-X 373-550 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

Tt 1 Stretch 177077 gas AB 1
1732) Ar LF 2

II 2 Bend ~475 gas AB 1

3+ 3 Stretch 1241.64 gas AB 1
12252) Ar LF 2

7=170ns Ar LF?

A = —0.807 gas AB'LF**

By = 0414 AB'LF*MODR’

X1 C.v

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

>+ 1 Stretch 1923.25 gas LF,EM 5,89
1717 Ar LF 2

11 2 Bend 324 gas ABLF 1,8

>+ 3 Stretch 1050.76  gas LF,EM 5,89
1066 Ar LF 2

A = 41.76; e€w; = 132.8 gas LF®

By = 0.398 AB'LF*
References

°N. Oliphant, A. Lee, P. F. Bernath, and C. R. Brazier, J. Chem. Phys.
92, 2244 (1990).

NCN
A, D.n Structure: AB!
T, = 30383.74 gas AB' A-X 326-329 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
pOys 1 Sym. stretch 1254(5) gas LF 8
I, 2 Bend 460(50) gas AB 1
A = —3756; ew, = —85.7° gas AB!
To = 183(6) ns gas LF®
B, = 0.396 AB!
References

8G. P. Smith, R. A. Copeland, and D. R. Crosley, J. Chem. Phys. 91,
1987 (1989).

CNN

An absorption which appears in a nitrogen matrix at 51070 when a high
concentration of CNN is present has been tentatively attributed to this
species.'”

okl 1 ] Cov
T, = 48540(50) Ar AB" C-X 206 nm
X 203.7 nm

49100(50) N, AB® -
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Bz ¢,

To < 39950 Ar AB"
39850 N; AB"

B-X 210-251 nm
B-X 210-251 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ Stretch 1450(40)* ArN, AB 10
Stretch 990(40) ArN, AB 10
A Cov
To = 23850°  gas ABSLF! A-X 395-420 nm
23750 Ne AB’ A-X 397-420 nm
23830
23597  Ar AB*LF® A-X 401-424 nm
23865 N, AB» A-X 396-419 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 “Sym.” stretch  1325(10) Ne AB 5
1322(2) Ar ABLF 23389
1335(10) N, AB 23
I 2 Bend 525(2) Ar LF 8
=t 3 “Asym.” stretch 1807(2) Ar LF 8
To = 250(30) ns Ar LF%
A= —265" gas LF"
A=9 €= -007 Ar LF®
B, = 0.425(10)° LF!
X=-7 C,.. Structure: ESR!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
st 1 CN stretch 2824 Ar LF 8
2847m Ar° IR 3
2856m N, IR 3,4,7,12
It 2 Bend 394 Ar LF 8
393 Ar° IR 3
394 N, IR 4,7
zt 3 NN stretch 1235 Ne EM 5
1235 Ar LF 8
1241 Ar° IR 3
1252 N, IR 3,47

B, = 0.414(10)° LF!

*Possibly 2440(40).'°
"Approximate value, used in simulation.
°N, trapped in adjacent site.
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BO:
A, Don

To = 18291.597 gas UV'LF*M4
17915° Ar AB?

Structure: UV!

A-X 396-700 nm
A-X 423-558 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

1 Sym. stretch 994 gas uv 1

Im 2 Bend 477.29 gas UV,LF L14
st 3 Asym. stretch 2357° gas Uv 1

To = 91(4) ns gas  LF%

A systematic study of the dependence of 7 on rotational and vibra-
tional level has been given by Ref. 10.

A = —101.281; ew, = —13.896 gas UVILF*

B, = 0311 UV'LF®**

X, Do Structure: UV!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

ppa 1 Sym. stretch 1056.4 gas UV,LF 1,3-5
m 2 Bend 448.18¢  gas UV,LF 1,3-5

14
PR 3 Asym. stretch 127826  gas DLJIR 8§12
1276 Ar IR 2

A = —148.6; €w, = —8691 gas UVILF"4

By = 0329 UVILF>*UDLAR"2

*Estimated from isotopic shifts.

b %(2V2)~

“Independent analysis of the matrix spectrum not given. Each argon-
matrix absorption is shifted to lower frequency by approximately 400
cm~! from the corresponding gas-phase R, branch band head.

9Band origin of (010)x?S — (000),, vibration rotation transition ob-
served'! at 633.8049(9) using diode laser spectroscopy.
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'°A. Hodgson, J. Chem. Soc., Faraday Trans. 2 81, 1445 (1985).

'K. Kawaguchi and E. Hirota, J. Mol. Spectrosc. 116, 450 (1986).
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NCO
Azt Cov Structure: UV
T, = 22754.0 gas AB'  4-X 360-450 nm
22800(10) Ne AB*  4-X 398-440 nm
22712(2) Ar LF®  4-X 390-530 nm
22956(10) N, AB*  A-X 395-440 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
IR | Stretch 2338.0 gas uv 1
2325(20) Ne uv 3
2332(4) Ar UV,LF 338
232120) N, uv 3
II 2 Bend 680.8 gas uv 1
673(20) Ne uv 3
zt 3 Stretch 1289.3*  gas uv 1
127020) Ne uv 3
1291(4)  Ar UV.LF 38
To= 435(10)ns  gas LF*8
350(30) ns gas LF'2
170 ns Ar LF®
By = 0.402 UV!
X C.v Structure: UV!'7OMw+
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
s+ 1 Sym. stretch 1272.97° gas LF,LMR 14,15
17,19
1275vw  Ar IR,LF 3,8
I 2 Bend 535.4 gas UV,LF 17,15
529.5¢ Ar LF 8
3zt 3 Asym. stretch 1921.30  gas LMR 10,14
LF.DL 15,21
1923m Ar IR.LF 38
1935 N IR 3

Aoo = —94.19; e€w; = —769 gas UV’
By = 0.390 UV'MW!¥LMR?2

References
2P, Misra, C. W. Mathews, and D. A. Ramsay, J. Mol. Spectrosc. 130,

419 (1988).
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A Cov
To = 26054.56(1)  gas EM'ABLF* A-X 337-417 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
z+ 1 CN stretch 1916.18(3) gas AB 2
2 Bend 378(10) gas AB 2
It 3 CS stretch 755.28(3) gas AB 2
To = 160(5)ns gas LF*EF¢
A = —91.58(1); |ewz| = 103(5) gas AB’LF*
B, = 0.193 AB’LF*
Xam Cov Structure: AB?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 CN stretch 1942.2 gas LF 4
I 2 Bend 387(10) gas AB,LF 24
3t 3 CS Stretch 765.8 gas SEP 5
A= —3234; |em;| = 55(15) gas ABLF*

B, = 0.206 AB’LF*

References

'R. Holland, D. W. G. Style, R. N. Dixon, and D. A. Ramsay, Nature
182, 336 (1959).

’R. N. Dixon and D. A. Ramsay, Can. J. Phys. 46, 2619 (1968).

*H. Ohtoshi, K. Tsukiyama, A. Yanagibori, K. Shibuya, K. Obi, and 1.
Tanaka, Chem. Phys. Lett. 111, 136 (1984).

“F. J. Northrup and T. J. Sears, J. Chem. Phys. 91, 762 (1989).

°F. J. Northrup and T. J. Sears, Chem. Phys. Lett. 159, 421 (1989).

°l. Tokue, K. Kobayashi, T. Honda, and Y. Ito, J. Phys. Chem. 94,
3485 (1990).

CO3%
[0 %4 Do
To = 45157(3) gas

Structure: MP?

TPE®PE2®MP® -4 585-640 nm

The band origin is perturbed by another state of 2} symmetry at
45188 which has a rotational constant of 0.353.% This state may be an
excited vibrational level of the 4 or B state.

Vib. No. Approximate cm™! Med. Type Refs.
Urban, Appl. Phys. B 48, 105 (1989). sym. type of mode meas.
2P. B. Davies and L. H. Davis, Mol. Phys. 69, 175 (1990).
pOys 1 Sym. stretch 1352(4)* gas PE 22
I, 2 Bend 6144) gas  TPEPE 2022
NCS =t 3 Asym. stretch 1567(4) gas PE 22
+
bz Cov By = 0.395 MP®
_ AR ¢ % _
To = 26971.01 gas EM'AB’LF X 353-485 nm Bzt D.. Structore: EM®
Vib. No. Approximate cm™! Med. Type  Refs. Tp = 345979 gas EM" B-X 287-291 nm
sym. type of mode meas. Perturbations by the A state are considered in Refs. 14-16.
I 2 Bend 343(10)  gas AB 2 Vib. No. Approximate cm™! Med. Type Refs.
2+ 3 CS stretch 921.5 gas LF 4 sym. type of mode meas.
Toor = 225(5) ns gas LF* pops 1 Sym. stretch 1275(1) gas TPE,PE 20,22
By = 0.197 AB? M, 2 Bend 5574) gas EMPE 922
503 Asym. stretch 1840(5) gas TPE,PE 20,22
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A1, D.n Structure: EM!

T, = 28500.5 gas  EM?>! A-X 290-490 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

pops 1 Sym. stretch 1126 gas EM 2,5,11

PE 22

I 2 Bend 461 gas EM,PE 11,22

33 3 Asym. stretch 2731 gas EM 6

To = 1028)ns gas  EF'T-PEFCO"Y

124(6)ns  gas  PEFCO"HFDY
A = —9586; ew, = —42.6  gas EM!
B, = 0.350 EM*!
X, D Structure: EM*5%1

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

x¢ 1 Sym. stretch 1244.3(3) gas EM,DL 45,8,
12,21

M, 2 Bend 511.4(3) gas  EMDL 11,19,
21

2 3 Asym. stretch 1423.08  gas DL 18
1421.7 Ne IR 24

A = ~161.02(6)° €w, = —98.8(3)° gas EM“DL!
By = 0380 EM!!

*Corrected for Fermi resonance.
bReanalysis by Ref. 25 gives 4 = —161.48(5) and ew; = —100.4.
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oCcs+

o 04 Cov
T, = 54640(30) gas  PI‘PE
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ 1 CO stretch 22022) gas PE 10
I 2 Bend 454(5) gas PE 10
3t 3 CS stretch 926(5) gas PLPE 4,10
B3t C..
To = 39180(20) gas PI‘PF°PE"
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3t 1 CO stretch 1850(8) gas PE 10
NI 2 Bend 5153) gas  PFPE 9,10
3 CS stretch 829* gas PF 9

1413
Ay, Co
To = 31404.099(7) gas  EF'LF*PF A-X 318-432 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 CO stretch 2036(6) gas PE 10
I 2 Bend 336(20)° gas PE 10
>t 3 CS stretch 803.8° gas PF 9
To = 939) ns® gas  PEFCO’
7o (@ = 3/2) = 105(3) ns; 7o (Q = 1/2) = 77(3) ns gas HFD*EF’
A= —111.8 gas  EF'PF°
B, = 0.187 LF®
XMs2 C.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
2t 1 CS stretch 695.7¢ gas PF 9
I 2 Bend 476(16) gas PE 10
>t 3 CO stretch 2038.987 gas DL 11
A= —3672 gas EF'PF°

B,f = 0.201 DL!

*Ref. 10 gives value of 742(7).

° %(21’2)-

816.9 for Q = 1/2.°

dAbsence of emission from states above the 4 “II band origin in pho-
toionization experiments® suggested that the molecule is predissoci-
ated into CO + S* (%S°), as was later confirmed.’ PEFCO studies®
have yielded the branching ratio for photoexcitation vs. predissocia-
tion for the transition origin, permitting an estimate of 550(50) ns for
the radiative lifetime.

€699.7 for Q = 1/2.°

Measured for Q = 1/2.

References

°L.-S. Wang, J. E. Reutt, Y. T. Lee, and D. A. Shirley, J. Electron
Spectrosc. Relat. Phenom. 47, 167 (1988).

''M. Fehér, C. Salud, M. Résslein, and J. P. Maier, J. Mol. Spectrosc.
141, 167 (1990).

Cs?
C=,t Dy Structure: MPP

To = 49064 gas  PI'PFPMP!s C-B 658-724 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

=t 1 Sym. stretch 652(2) gas PLPE 59,11
PE,MP  13-15

nm 2 Bend 348(9) gas PF,PE 13,14

Pirs 3 Asym. stretch 1024(6) gas PE 14

o= 112) ps  gas MPH
By = 0.111 PF*MP"¥

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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Bt D.n Structure: EM! CICN+
To = 35238.01  gas EM' B-X277-307 nm B, cC..
35270 Ne LF’ 1012 B¥
15226 To = 2251554  gas EF’LF B-X 365-569 nm
22598(5) Ne AB® B-X 380-442 nm
Vib. No. Approximate cm™! Med. Type Refs. A ]
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 602° gas EM 3
n 2 Bend 351(5) gas PE 14 1 CN stretch 2128.5(7) gas LF 10
3% 3 Asym.stretch  13205F gas PE 14 I 2 Bend 303.1(7) gas  LF 10
3+ 3 CCl stretch 531.90 gas LF 10,11
7o =290(10)ns  gas  EF’PIFCO*PEFCO'UVY 3394 Ne  AB 6
There is also a long-lifetime component, with 7 = 1.44(22) us.%12 71 = 205(40) ns gas EF’
280(56) ns gas PEFCO®
— 1
Bo = 0.108 EM 170(20) ns  gas PIFCO*
) s T2 = 900(100) ns  gas EF°
A, D Structure: EM 970(80) ns  gas PIFCO’
To= 20975 gas EM? A-X 426-512 nm I o o
ol Both 5
21017 Ne LEST 4% 400-638 nm oth lifetimes are dependent on extent of vibrational excitation®.
A= —3682) gas EFWLF®
Vib. No. Approximate cm™! Med. Type Refs. By = 0.177 LF"
sym. type of mode meas.
X Mgz Coy Structure: UV,PE’LF2
3t 1 Sym. stretch ~ ~610* gas EM 3
621 Ne LF 6,7 Vib. No. Approximate cm™! Med. Type Refs.
11, 2 Bend ~275°¢ gas EM 3 sym. type of mode meas.
280° Ne LF 6,7
3 Asym. stretch 1644° Ne LF 7 RS | C=N stretch 1915(2) gas EF,LF 8-10
n 2 Bend 376* gas LF 10
T = 409(19) ps  gas PIFCO‘ID!’UV?2 =t 3 CCl stretch 827(2) gas EF,LF 8-10
23)ps  Ne LF¥
A= —176 gas EM’PE* By = 0.205 LFU
Bo = 0.101 EM? . : .
‘Tentative assignment.
D ture: EM!
X M, oh Structure References
Vib. No. Approximate  cm™' Med. Type  Refs. 12M, Résslein and J. P. Maier, J. Phys. Chem. 93, 7342 (1989).
sym. type of mode meas.
zp 1 Sym. stretch 617° gas EM 3 BrCN+
618 Ne LF 6,7
M, 2 Bend 348° gas EM 3 By, C..
349¢ Ne LF 6,7 77 |01 B_¥
c T, = 18759.78(4) gas EF'LF™ B-X 445-620 nm
703 Asym. stretch 1203 gas EM,PE 3,14 18586(14) Ne ABS B_¥ 418-538 nm
1224¢ Ne LF 6,7
A = —4403903) gas  EMWY Vib. No. Approximate cm™! Med. Type Refs.
B, = 0.109 EM! sym. type of mode meas.
Strong Fermi resonance with 2v,; Ref. 7 has suggested a reversed >+ 1 C=N stretch 1958(2) gas EF,LF 7,10
assignment for v, and 2v;, of the A4 state. 1830(10) Ne AB 5
YHigh resolution PE value 633(2)."* I 2 Bend 395.7(2)* gas EF,.LF 7,10
¢l@v). 377(10) Ne AB 5
3t 3 CBr stretch 473.1(2) gas EF,LF 7,10
References 478(10) Ne AB 5

3P, O. Danis, T. Wyttenbach, and J. P. Maier, J. Chem. Phys. 88, 3451 r

(1988).

ML.-S. Wang, J. E. Reutt, Y. T. Lee, and D. A. Shirley, J. Electron

Spectrosc. Relat. Phenom. 47, 167 (1988).

= 197(10) ns gas
72 = 713(40) ns gas
A = —880(40) gas
B, = 0.127 gas

5D, D. Evard, T. Wyttenbach, and J. P. Maier, J. Phys. Chem. 93,

3522 (1989).
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XM, C., Structure: LF!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 C=N stretch 1906(2) gas EF,LF 7,10
I 2 Bend 28722 gas EF,LF 7,10
=+ 3 CBr stretch 649.4(5) gas EF,.LF 7,10
A= —14772)  gas EF°PIFCO*
By = 0.142 gas LFon
a%(2"2)-

References
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Ns
By D.u
Ty = 36738.750(2)

Structure: AB?

gas AB“LF? -X 260~273 nm
All bands above 37000 are diffuse.

An absorption maximum was observed at 272 nm in mixed argon-
nitrogen matrix studies.®

T<20ns gas LF
By = 0432 gas ABR?

X1, D.: Structure: ABR®

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

=31 Sym. stretch  ~1320 gas LF 3
1287° N° IR 4

11, 2 Bend ~457 gas LF 3
472.7 N;° IR 4

Zr 003 Asym. stretch 1644.68  gas LMR,IR 5,6
1657.5 N,° IR 4

A = —71.3; €w; = —94.38
B, = 0.431 AB’LMR’IR®

gas  ABYIR®

*Revised value resulting from reanalysis by Ref. 6.
(v + v3) — v
“Mixed with argon.
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1415
Ps
To = 23420(10) Ar AB! 418-427 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 480(20) Ar AB 1
References
L. Andrews and Z. Mielke, J. Phys. Chem. 94, 2348 (1990).
Sbs
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 217.5(3) Ar Ra 1
2170(5) Kr Ra 1
References
'H. Sontag and R. Weber, Chem. Phys. 70, 23 (1982).
N2O+
B Cov
To = 38440(100)* gas PE'PF¥ B-4 538-866 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch ~ ~900° gas PE 1
Azt Cov Structure: EM’PF'
T, = 2816233 gas  EM>“PFSiiLs A-X317-421 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 Sym. stretch 1345.52  gas EM,PF 3,10
II 2 Bend 614.45 gas EM 3,14
I+ 3 Asym. stretch 2451.7 gas EM 3
7 = 230(10) ns gas EF**PIFCO*PEFCO'ID*EMHFD"
B, = 0.433 EM>M4pRion
X1 Cuv Structure: EM?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ 1 Sym. stretch 1126.51 gas EM 3
II 2 Bend 452.42 gas EM,PF 3,11,14
=t 3 Asym. stretch 1737.6 gas EM 3
A= —132434; ew; = —90.2 gas EMMpFILIS

By = 0.412 EMPPFI01L16

*Calculated using first ionization potential of 12.886(2) eV, from Ref, 5.
*Somewhat irregular band spacings.
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NNS+
B - Cuv
To ~ 41500 gas PE!
Az Cov
To = 38810(160) gas PE!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
s+ NS stretch 820(50) gas PE 1
X Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ N-S stretch ~ 500 gas PE 1
A~ 400 gas PE!
*Tentative assignment.
References

'H. Bender, F. Carnovale, J. B. Peel, and C. Wentrup, J. Am. Chem.

Soc. 110, 3458 (1988).

FBO
X C.v Structure: MW,DL?

Vib. No. Approximate cm~! Med. Type Refs.

sym. type of mode meas.

R | B=0 stretch 2078.87 gas DL 2
2081 Ne IR 1
2071 Ar IR 1

II 2 Bend 502 Ne IR 1
493 Ar IR 1

By = 0.312 DLMW?

References

'A. Snelson, High Temp. Sci. 4, 141 (1972).

2y. Kawashima, K. Kawaguchi, Y. Endo, and E. Hirota, J. Chem.

Phys. 87, 2006 (1987).

NCO~
X Cav
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ 3 Asym. stretch 2124.31 gas DL 1

B, = 0.384 DL!

J. Phys. Chem. Ref. Data, Vol. 19, No.

6, 1990
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NCS~—
X Cuov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
s+ 3 CN stretch 206593 gas DL i
B, = 0.197 DL!
References

M. Polak, M. Gruebele, and R. J. Saykally, J. Chem. Phys. 87, 3352
(1987).

OSiS
X Cucv
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
bt 1 SiO stretch 1265.4 Ar IR 1
SiS stretch 643.0 Ar IR 1

References

'H. Schnéckel, Angew. Chem. 92, 310 (1980); Angew. Chem. Int. Ed.
Engl. 19, 323 (1980).

SiS:
X D.n
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
p 3 SiS a-stretch 918.0 Ar IR 1

References
'H. Schnockel and R. Képpe, J. Am. Chem. Soc. 111, 4583 (1989).
N3

Threshold for electron detachment from ground-state
N7 is 22270(350).!

Xz} D.n Structure: DL??
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3 Asym. stretch 1986.47 gas DL 2,3
2003.5 N IR 4

B, = 0426 DL*}

*Mixed with argon.
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PNO
X Cay
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
DRSS | NO stretch 1754.7 Ar IR 1
3 PN stretch 865.2 Ar IR 1
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P20
X Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
P=0 stretch 12704 Ar IR 1
References
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Emission which is observed between 240 and 380 nm on excitation of
BCl; by radiation of wavelength shorter than 118 nm has been at-
tributed* to BCl,, as has been a similar chemiluminescence emission
observed'? on reaction of H atoms with BCl;.

Emission which is observed between 280 and 380 nm on excitation of
BCl; by radiation of wavelength shorter than 124 nm has been at-
tributed* to BCl,.

Emission which is observed between 380 and 500 nm on excitation of
BCl; by radiation of wavelength shorter than 138 nm has been at-
tributed** to BCl,.

X C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 731w Ar IR 3
b, 3 Asym. stretch 966vs Ar IR 3
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AICI2
;Y CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 460.0 Ar IR
b, 3 Asym. stretch 563.6 Ar IR 1,2
References
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NNS
X Cuy Structure: IR?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3+ 1 NN stretch 2047.59 gas IR
2030 Ar IR 1

B, = 0216 gas IR?
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BCl:

Emission which is observed between 200 and 260 nm on excitation of
BCl; by radiation of wavelength shorter than 91 nm has been at-
tributed® to BCl,.

GaCl;
X CZV
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 373.0 Ar IR 1
b, 3 Asym. stretch 415.1 Ar IR 1
References

'E. D. Samsonova, S. B. Osin, and V. F. Pevel'’kov, Zh. Neorgan.
Khim. 33, 2779 (1988); Russ. J. Inorg. Chem. 33, 1598 (1988).
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COz e G

X Cu T* = 19520(160) gas PE!
Vib. No. Approximate cm™! Med. Type Refs. Bza’ G
sym. type of mode meas. T = 5160(160) gas PE!
b, 3 Asym. stretch 1658.3 Ne IR 1 AzA" C

7° = 3230(160) gas PE!

References *From vertical ionization potentials.

M. E. Jacox and W. E. Thompson, J. Chem. Phys. 91, 1410 (1989).

References
PO- 1 .
A. W. Allaf, G. Y. Matti, R. J. Suffolk, and J. D. Watts, J. Electron
’B,? Cyy Spectrosc. Relat. Phenom. 48, 411 (1989).
To = 30378(3) gas AB'LF? ?B;-X 268-600 nm
Ar  AB* ’B;-X 292-301 nm NSI+
In LF studies,’ there was an apparently continuous background sig- Ez2a’ C,

nal, with a maximum between 400 and 500 nm. The similarity of the

behavior of this band system to that of the visible bands of NO, T* = 35820(800) gas PE!
suggests that the quasicontinuum may be contributed by high vibra-

tional levels of the ground state. ¢D3A,2A" G

T* = 23720(800) gas PE!
Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas. AB2A"28 C
a 1  Sym. stretch 9313 gas AB 1 T° = 5490(800) gas PE'
942 Ar AB

2From vertical ionization potentials.
2 Bend 396 gas AB 1

" References
7 ~ 500 ns gas LF

3
o ~ 45ps  gas  LF 'A. W. Allaf, G. Y. Matti, R. J. Suffolk, and J. D. Watts, Chem. Phys.

Lett. 155, 32 (1989).

X %A, Cy Structure: AB'MW,LMR?
Vib. No. Approximate cm™! Med. Type Refs. SSO+
sym. type of mode meas.
Fa’ (o
a 1 PO s-stretch 1117(20) gas MW,LMR 2,3 T® = 64000(1000) gas PE?3
LF
2 Bend 387(20) gas MW,LMR 2,3 E2A'* C,
LF
386.4 Ar IR 7 T° = 42100(320) gas PE"’
by 3 PO a-stretch 12782 gas MW, LMR 2
13191  Ar IR 4,5,7 b ¢

— 1-3
Ao = 3.486; Bo = 0.287; Co — 0264 MW,LMR? T = 34200320) gas PE
*Average of values of 1059, 1371, and 1405 cm™!, obtained from cen- cA- C,

trifugal distortion constants. % = 32600320) gas PE"

References B2 C

‘L. Andrews and R. Withnall, J. Am. Chem. Soc. 110, 5605 (1988). T® = 6132(40) gas PE!"PI°
R. Withnall and L. Andrews, J. Phys. Chem. 92, 4610 (1988).
61({i9\;\/9i)thnall, M. McCluskey, and L. Andrews, J. Phys. Chem. 92, 126 Vib. No. Approximate em-! Med. Type Refs.
"Z. Mielke, M. McCluskey, and L. Andrews, Chem. Phys. Lett. 165, > type of mode meas.

146 (1950). @ 1 SO stretch 91520 gas PEPI 1,5
NSBr+

bz’ C;
T* = 24200(160) gas PE!
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A ZA ra Cs
T = 5665(40) gas PE!-*PI°
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a’ 1 SO stretch 923(20)° gas PEPI 1,5
Xz C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 3 SS stretch 480(20) gas PE,PI 1,4,5

*Tentative assignment.

"From vertical ionization potential. The first ionization potential is
taken to be 10.58 eV.**

°An alternate assignment is given by Ref. 3.

References

'D. C. Frost, S. T. Lee, and C. A. McDowell, Chem. Phys. Lett. 22,
243 (1973).

H. Bock, B. Solouki, P. Rosmus, and R. Steudel, Angew. Chem. 85,
987 (1973); Angew. Chem. Int. Ed. Engl. 12, 933 (1973).

’P. Rosmus, P. D. Dacre, B. Solouki, and H. Bock, Theoret. Chim.
Acta 35, 129 (1974).

%J. Berkowitz, J. H. D. Eland, and E. H. Appelman, J. Chem. Phys. 66,
2183 (1977).

K. Norwood and C. Y. Ng, Chem. Phys. Lett. 156, 145 (1989).

CF:

A'B, Cov Structure: AB!

To = 37226 gas  EMIAB*10 A-X 220-380 nm
37219(2) Ne LFV
36878(2) Ar  AB*SEMSLF"

370542) N, LFV

A-X 210-346 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 Bend 496 gas uv 1-3,5,10
496(2) Ne LF 17
496(2) Ar AB 46,16
LF 17
9602) N, LF 17
To= 61(3)ns gas  LF¥?BEM*
31 ns Ne LFY
27 ns Ar LF"
23 ns Kr LFY7

Ao = 4.577; By = 0.334; C, = 0.311 ABY

a ‘s, Cyu

Tp = 19828 gas  CL'S19242ppg3! A-X 430-800 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 2 Bend 517 gas CL 18,22,
24,29

T~1s gas CL"
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XA, Cay Structure: MWSAB*!°
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 1225.08 gas DL,IR 23,30
PE 31
1220 Ne IR,LF 12,17
1222vs Ar IR,LF 611,17
2 Bend 667 gas UV,PE 1,10,31
668vw Ar IR,LF 6,11,17
b, 3 Asym. stretch 111444  gas IR DL 7,13
27,30
1104 Ne IR 12
1102vs Ar IR 6,11

Ao = 2.947; B, = 0.417; C, = 0.365 MWHIS26A B0

*Tentative assignment. This band system was associated with the C
transition in Ref. 10. Subsequent studies**?* have dictated the reassign-
ment to CF; of almost all of the bands between 136 and 160 nm which
had tentatively been attributed!® to CF.,.

References

2H. Hack and W. Langel, J. Phys. Chem. 87, 3462 (1983).

8. Zhou, M. Zhan, Y. Qiu, S. Liu, J. Shi, F. Li, and J. Yao, Chem.
Phys. Lett. 121, 395 (1985).

¥J. B. Burkholder, C. J. Howard, and P. A. Hamilton, J. Mol. Spec-
trosc. 127, 362 (1988).

¥K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

*T. Ibuki, A. Hiraya, and K. Shobatake, J. Chem. Phys. 90, 6290
(1989).

CFCl
Aar C,
To = 25283(5) gas LF% A-X 359-390 nm
24983 Ar  UVILF* A-X 340-667 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CF stretch 1263 gas LF 7
Bend 394(3) gas LF 6
392(1)  Ar LF 3
3 CCl stretch 726(6) gas LF 6,7
7N2(2)  Ar LF 3
To = 650(40) ns gas LF*SEM?®
33020)ns Ar LF?
XA C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@' 1 CF stretch 1158(10) gas LF 6,7
1146vs Ar IR 1
2 Bend 4438(6) gas LF 6,7
442 Ar LF 2,3
3 CCl stretch 750(6) gas LF 6,7
742s Ar IR 1
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CCl.

A'B, Cyy Structure: LF'¢

To = 16913(3) gas CLELF™101516gM! 4_% 400-800 nm

17092 Ar ABYLF*$ A-X 440-827 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a, 1 Sym. stretch 644 gas LF 10,15
624 Ar LF 6
2 Bend 308 gas LF 9,10,15
304 Ar ABLF 13,6
7 = 3.8130) ps gas LF’
71 = 1.83(2) ps, 72 = 3.72(6) us gas EM!'B

7=236ps Ar LF*

A020 - 3745, Bozo = 0106, C()20 = 0103 LF16

XA, Cy Structure: MWMW“LF!'¢

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ay 1 Sym. stretch 730(40)  gas PE 12
721wm Ar IR,LF 1-3,5,6

2 Bend 340(40) gas PE 12

333 Ar LF 4-6

by 3 Asym. stretch 748vs Ar IR 1-3

Ao = 1.675; B, = 0.123; C; = 0.115 MW LF*

References
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CBr2
A CZV

T, = 14885 gas LF®
14962 Ar LF*

A-X 614-663 nm
A-X 600-857 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 460 gas LF 5
468 Ar LF 4
2 Bend 189 gas LF 5
186 Ar LF 4

T = 145(1.5) us Ar LF*
References

’S. K. Zhou, M. S. Zhan, J. L. Shi, and C. X. Wang, Chem. Phys. Lett.
166, 547 (1990).

SiCl;

AB, Ca

T, = 30013.4(1.0) gas AB‘EM’-TLF%1° A-X 308-430 nm

In an argon matrix, unstructured absorption attributable to SiCl, has
been observed' between 310 and 320 nm, with a maximum at approx-
imately 315 nm.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 435(5) gas LF 8

2 Bend 149.9(5) gas UV,LF 3,78

Too = 77(3) ns gas LF?

Ao = 0.909; Boo = 0.076; Co = 0.069 LFY

XA, Cyy Structure: ED*MW®

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 1 Sym. stretch 526.5 gas LF 8
518.7 Ne IR 2
512.5s Ar IR 1,2

2 Bend 201.2 gas EM,LF 78

202.2 Ar IR 2

by 3 Asym. stretch 509.4 Ne IR 2
502vs Ar IR 1,2

Ao = 0.493; B, = 0.094; C, = 0.079 MW’LF®
References

M. Tanimoto, H. Takeo, C. Matsumura, M. Fujitake, and E. Hirota, J.
Chem. Phys. 91, 2102 (1989).

19G. Meijer, J. Heinze, W. L. Meerts, J. J. ter Meulen, and J. T.
Hougen, J. Mol. Spectrosc. 138, 251 (1989).
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GeCl2
B

To ~ 30969 gas AB? 330-314 nm*

Structured absorption is superposed on a continuum with maximum
near 32280, presumably due to predissociation of GeCl, into GeCl +
Cl.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 Bend 95(5) gas AB 2
T = 89.7(6.8) ns gas EM!
BB, Cy
T, = 22388 gas CL! 410-490 nm?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 312(15)  gas CL 1

2 Bend 116(9) gas CL 1
T = 1746) gas EMY

References

1°T. Ibuki, Chem. Phys. Lett. 169, 64 (1990).

NOz
Threshold for electron detachment from ground-state NO37 =
18340(40) gas PD’PE*

X Cae Structure: PE*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 NO stretch 1284(30) gas PE 4
2 Bend 776(30)  gas PE 4
by 3 NO stretch 1244 Ar IR 1,2
References

D. E. Milligan, M. E. Jacox, and W. A. Guillory, J. Chem. Phys. 52,
3864 (1970).

’D. E. Milligan and M. E. Jacox, J. Chem. Phys. 55, 3404 (1971).

38. B. Woo, E. M. Helmy, and A. P. Paszek, Phys. Rev. A 24, 1380
(1981).

*K. M. Ervin, J. Ho, and W. C. Lineberger, J. Phys. Chem. 92, 5405
(1988).

POz
X CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
b, 3 PO a-stretch 1198.8 Ar IR 1
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References

1Z. Mielke, M. McCluskey, and L. Andrews, Chem. Phys. Lett. 165,
146 (1990).

FPO
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 PO stretch 1292.2 Ar IR 1
Bend 416.0 Ar IR 1
3 PF stretch 811.4 Ar IR 1

References

'R. Ahlrichs, R. Becherer, M. Binnewies, H. Borrmann, S. Schunck,
and H. Schnockel, J. Am. Chem. Soc. 108, 7905 (1986).

CIPO
X C
Vib. No. Approximate cm™! Med. Type Refs,
svm. type of mode meas.
a’ 1 PO stretch 1258vs Ar IR 1-4
- Bend 308wm Ar IR 1
3 PCl stretch 489vs Ar IR 1

References

'M. Binnewies, M. Lakenbrink, and H. Schnéckel, Z. Anorg. Allg.
Chem. 497, 7 (1983).

M. Binnewies, H. Schndckel, R. Gereke, and R. Schmutzler, Z.
Anorg. Allg. Chem. 534, 143 (1986).

*H. Schnockel and S. Schunck, Z. Anorg. Allg. Chem. 548, 161 (1987).

“B. W. Moores and L. Andrews, J. Phys. Chem. 93, 1902 (1989).

BrPO
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 PO stretch 1253.0 Ar IR 1,2
Bend 253.7 Ar IR 1
3 PBr stretch 407.1 Ar IR 1,2
References

'M. Binnewies, M. Lakenbrink, and H. Schnockel, High Temp. Sci. 22,
83 (1986).
?H. Schndckel and S. Schunck, Z. Anorg. Allg. Chem. 548, 161 (1987).
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FPS NSI
X C, X C,
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 PF stretch 791.4 Ar IR 1 a’ 1 NS stretch 1295* gas IR 1
Bend 313.6 Ar IR 1
3 PS stretch 720.2 Ar IR 1 * Tentative assignment.
References
References

'H. Schnockel and S. Schunck, Z. Anorg. Allg. Chem. 552, 163 (1987).

1A. W. Allaf, G. Y. Matti, R. J. Suffolk, and J. D. Watts, Chem. Phys.
Lett. 155, 32 (1989).

BrPS $SO
X C, Aa C, Structure: AB!

- - = To = 29689.6  gas AB'!LF!21316 A-X 250-395 nm
Vib. No. Approximate cm Med. Type Refs. 29285(20) Xe AB* A-X 280-342 nm
sym. type of mode meas. Predissociation limit between 31172 and 31307. AB!

a’ 1 PS stretch 712 Ar IR 1 - - ;
Bend 185¢ Ar IR 1 Vib. No. Approximate cm™ Med. Type Refs.
3 PBr stretch n Ar IR 1 sym. type of mode meas.
«10w). a’ 1 SO stretch 1032 gas AB,LF 11,13,16
Bend 253 gas AB,LF 11,13,16
References 3 SS stretch 407 gas AB,LF 7,11,13
16
'H. Schnéckel and S. Schunck, Z. Anorg. Allg. Chem. 552, 155 (1987). 415200 Xe AB 4
Apo = 1.016; By = 0.148; Cop = 0.129 AB!
CIAsO T ~ 10ns gas LF"
X C XA C, Structure: MW?>¢
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a' 1 AsO stretch 984.4 Ar IR 1 a’ 1 SO stretch 1166.45  gas IR,DL 13,14
3 AsCl stretch 378.7 Ar IR 1 1156.2 Ar IR,Ra 89
2 Bend 380 gas LF 16
382 Ar IR,Ra 8,9
References 3 SS stretch 679.1 gas IR,LF 1,3,13
672.2 Ar IR,Ra 89
'H. Schnéckel, M. Lakenbrink, and Lin Zhengyan, J. Mol. Struct. 102,
243 (1983). Ay = 1.398; By = 0.169; Cp = 0.150 MW?>*pDL™

NSBr
xa G,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’' 1 N =S stretch 1311 gas IR 2
1312.9m Ar IR 1
2 Bend 226.2wm Ar IR 1
3 SBr stretch 346.1s Ar IR 1

References

!S. C. Peake and A. J. Downs, J. Chem. Soc., Dalton Trans. 859
(1974).

2A. W. Allaf, G. Y. Matti, R. J. Suffolk, and J. D. Watts, J. Electron
Spectrosc. Relat. Phenom. 48, 411 (1989).
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D, J. Clouthier and M. L. Rutherford, Chem. Phys. 127, 189 (1988).

Ses
X C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 31 Ar Ra 1
311 N, Ra 1

References

'H. Schndckel, H.-J. Gécke, and R. Elsper, Z. Anorg. Allg. Chem.
494, 78 (1982).
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Tes
X CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 2032 N, Ra 1
a lS(}re'
References
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References

Y. Ni, X. Wang, M. Suto, and L. C. Lee, J. Phys. B 21, 1821 (1988).
’C. Ye, M. Suto, L. C. Lee, and T. J. Chuang, J. Phys. B 22, 2527
(1989).

O3
Threshold for electron detachment from ground-state O3 = 16970(20)
gas PE'PD’

'H. Schnéckel, Z. Anorg. Allg. Chem. 510, 72 (1984).

CFz2
Threshold for electron detachment from ground-state CF7 = 1440(40)
gas PE!

X 251 sz
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 CF stretch 860(30) gas PE 1
References

'K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

CClz

Threshold for electron detachment from ground-state CCl; =
12930(65) gas PE!

References

K. K. Murray, D. G. Leopold, T. M. Miller, and W. C. Lineberger, J.
Chem. Phys. 89, 5442 (1988).

X %B, Co Structure: PD’

Vib. No. Approximate cm~! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 975(10) gas PD,PF 6-8
1016 Ar Ra 3,5
1011° Ar Ra 3,5

2 Bend 590(10) gas PD,PF 78

600w Ar IR 4

b, 3 Asym. stretch 796.3 Ne IR 10
789s* Ar IR 2,4
802s
802s° Ar IR 1,2,4

2Cs* present.

"Na* present.

References

°L. J. Wang, S. B. Woo, and E. M. Helmy, Phys. Rev. A 35, 759
(1987).
°W. E. Thompson and M. E. Jacox, J. Chem. Phys. 91, 3826 (1988)

PF,
X C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
PF, stretch 852.1ms Ar IR 1
PF; stretch 831.4s Ar IR 1

References

1J. K. Burdett, L. Hodges, V. Dunning, and J. H. Current, J. Phys.
Chem. 74, 4053 (1970).

AsF;

When gas-phase AsF; is subjected to 124 nm radiation, an emission
band system, tentatively assigned to AsF,, is observed between 330 and
610 nm, with a maximum near 450 nm.! The radiative lifetime of the
species which contributes this band system is 25.5(1.8) ps.?

FOO
X C; Structure: DL’
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a' 1 0O stretch 1486.93  gas IR 8,9
1490vs Ar IR 1,6
1500vs N: IR 3
2 Bend 376 N: IR 3
3 OF stretch 579.32 gas DLIR 79
584s Ar IR 1,6
586s N, IR 3
Ay = 2.616; By = 0.334; C, = 0.295 DLIR°MW!®

References

M. Bogey, P. B. Davies, C. Demuynck, and J. L. Destombes, Mol.
Phys. 67, 1033 (1989).

BrOBr

In a nitrogen matrix, a strong absorption maximum at approximately
47000, a weaker shoulder near 31200, and a much weaker shoulder
near 22100 have been attributed’ to electronic transitions of BrOBr.
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X Cyv Structure: EXAFS?

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 526.1s Ar IR 1,2
528 N, IR 3

b, 3 Asym. stretch 623.4w Ar IR 2
626 N2 IR 3

References

'D. E. Tevault, N. Walker, R. R. Smardzewski, and W. B. Fox, J.
Phys. Chem. 82, 2733 (1978).

8. D. Allen, M. Poliakoff, and J. J. Turner, J. Mol. Struct. 157, 1
(1987).

3W. Levason, J. S. Ogden, M. D. Spicer, and N. A. Young, J. Am.
Chem. Soc. 112, 1019 (1990).

SF2

E 4p Rydberg state C,,
T, = 62015(30) gas MPI®

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 931(59) gas MPI 10
Bend 383(42) gas MPI 10
¢
gas MPI C-X 165-175 nm

B'B,(4s) C,,
To = 54433(30) gas MPIY

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 991(12) gas MPI 10

Bend 361(24) gas MPI 10

A
T, = 18500(1200) gas CL™® 550-860 nm

Chemiluminescence in the reaction of F, with CS,, originally as-
signed™ to FCS, has been reassigned’® to SF,.

X Cyw Structure: MW
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 838.53 gas IR,CL 5,79
834 Ne IR 3
832vs Ar IR 3
825 N, IR 3
2 Bend 357(2) gas MW,CL 2,7-9
358 Ne IR 3
358m Ar IR 3
358 N, IR 3
b, 3 Asym. stretch 813.04 gas IR 5
807.5 Ne IR 3
804vs Ar IR 3
795 N, IR 6

Ao = 0.898; B, = 0.307; C, = 0228 MW"
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FSCI
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
! 1 SF stretch 781vs Ne IR
778vs Ar IR
2 Bend 277vw Ne IR

274vw Ar IR
3 SCl stretch 552s* Ne IR
543s* Ar IR

— e e e e

* In Fermi resonance with 2v,.
References

'H. Willner, Z. Naturforsch. 39B, 314 (1984).

OICI
X C,s

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 1 10 stretch 779.1 Ar IR 1
772.2
778.2 Kr IR 1
775.1
778.2 N, IR 1

3 ICI stretch 325.6 Ar IR 1
320.2
3174 Kr IR 1
322.6 N; IR 1
References

M. Hawkins, L. Andrews, A. J. Downs, and D. J. Drury, J. Am.
Chem. Soc. 106, 3076 (1984).

Cl3
An absorption maximum which appears at 251 nm when CsCl is code-
posited with Cl, in an argon matrix® and at 253 nm when an Ar:ClL,

sample is subjected to electron bombardment during deposition® has
been assigned to Cl3.
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X D,

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

1 Sym. stretch 225% Ar Ra 2
2530 Ar Ra 2
258 Ar Ra 2
2768 Ar Ra 2

¥ 3 Asym. stretch 3272 Ar IR,Ra 2
3400 Ar IR,Ra 2
345¢ Ar IR,Ra 2
375¢ Ar IR,Ra 2
3747 Kr IR 1

*Cs™* present.

YRb+ present.

°K* present.

INa* present.

*Tentative assignment.

fAttributed in Ref. 1 to the uncharged species. Reassigned by Ref. 4 to
the anion.
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(1976).

3J. Hacaloglu and L. Andrews, Chem. Phys. Lett. 160, 274 (1989).

KraF
97T Ca
gas ABS g

Broad absorption, with maximum near 315 nm.

47T Cay

Unstructured gas-phase emission'™ between 340 and 480 nm, with
maximum near 410 nm.
T = 200(28) ns gas LF°EF’

References

7. A. Mangano, J. H. Jacob, M. Rokni, and A. Hawryluk, Appl. Phys.
Lett. 31, 26 (1977).

N. G. Basov, V. A. Danilychev, V. A. Dolgikh, O. M. Kerimov, V. S.
Lebedev, and A. G. Molchanov, Pis'ma Zh. Eksp. Teor. Fiz. 26, 20
(1977); J. Exp. Theor. Phys. Lett. 26, 16 (1977).

’R. O. Hunter, J. Oldeneitel, C. Howton, and M. V. McCusker, J.
Appl. Phys. 49, 549 (1978).

‘D. C. Lorents, D. L. Huestis, M. V. McCusker, H. H. Nakano, and R.
M. Hil}, J. Chem. Phys. 68, 4657 (1978).

5G. P. Quigley and W. M. Hughes, Appl. Phys. Lett. 32, 649 (1978).

J. G. Eden, R. S. F. Chang, and L. J. Palumbo, IEEE J. Quantum
Electron. QE-15, 1146 (1979).

A. Luches, V. Nassisi, A. Perrone, and M. R. Perrone, Opt. Commun.
39, 307 (1981).

!D. B. Geohegan and J. G. Eden, J. Chem. Phys. 89, 3410 (1988).

D. P. Greene and A. W. McKown, Appl. Phys. Lett. 54, 1965 (1989).
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6.4. Four-Atomic Trihydrides
BHs3
X 'A; Dy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2-  OPLA 1140.88  gas DL
1125w Ar IR 1
e’ 3 BH stretch 2808w Ar IR 1
BD;
X 4 D3y,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 845 Ar IR 1
e’ 3 BD stretch 211272 Ar IR 1

References

!A. Kaldor and R. F. Porter, J. Am. Chem. Soc. 93, 2140 (1971).
’K. Kawaguchi, J. E. Butler, C. Yamada, S. H. Bauer, T. Minowa, H.
Kanamori, and E. Hirota, J. Chem. Phys. 87, 2438 (1987).

SiH%
X Dsy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 2 OPLA 820(40) gas PEPI 1,2

References

'J. M. Dyke, N. Jonathan, A. Morris, A. Ridha, and M. J. Winter,
Chem. Phys. 81, 481 (1983).

2J. Berkowitz, J. P. Greene, H. Cho, and B. Ruscic, J. Chem. Phys. 86,
1235 (1987).

GeH}%
X Dy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 393(15) gas PI 1

References

'B. Ruscic, M. Schwarz, and J. Berkowitz, J. Chem. Phys. 92, 1865
(1990).

BH3

Threshold for electron detachment from ground-state BH3 =
310(120) gas PE!
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BD3
Threshold for electron detachment from ground-state BD; =
220(113) gas PE!

References
!C. T. Wickham-Jones, S. Moran, and G. B. Ellison, J. Chem. Phys. 90,

795 (1989).

CHs
4p 2A; Day

To = 69853.44(13) gas MPIY
By, =990 gas MPI®

X A3 Dg, Structure: ABR*'®

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ai 1 CH stretch 3004.8(2) gas CAR,Ra 13,16

a; 2 OPLA 606.453  gas IR.DL 59
617vs Ne IR 4
603° Ar IR 3,8
611 N, IR 3

e' 3 CH stretch 3160.821 gas LD 11
3162wm Ne IR 4
3150 Ar IR 6

e’ 4 Deformation 1396w Ne IR 4
1398¢ Ar IR 8

B, = 9.578 ABDL% C, = 4.742 DL®

CDs3
4p A} D

Ty = 69777.40(4) gas MPI'S
By = 4.846(2) gas MPI'S

3p?A; D
T, = 59886 gas MPI'*V

Structure: MPI?

Higher members of Rydberg series observed (MPI'?) at 69789, 73645,
and 75557.

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
ay 1 CD stretch 2031°¢ gas MPI 12,17

@ 2 OPLA 1032 gas MPI 12,17

By = 476(2); Cp = 2.38 MPI2V

X2A3 Dy

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 1 CD stretch 2157.5(2) gas Ra,CAR 19,20

a; 2 OPLA 457.81 gas DL 14,18
463s Ne IR 4
453¢ Ar IR 3,8
463 N, IR 3

e’ 3 CD stretch 2381.09 gas IR 21
2381w Ne IR 4
2369 Ar IR 6

4 Deformation 1026vw  Ne IR 4

1029 Ar IR 6

B, = 4.802 AB’DL"*

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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*Tentative assignment.

° %(sz)-

°Band center. Rotational structure assigned.®

4 RR(0p) transition.

¢Approximate value; perturbed by Fermi resonance.
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205 T. Miller, K. A. Burton, R. B. Weisman, W.-X. Wu, and P. S.
Engel, Chem. Phys. Lett. 158, 179 (1989).

2IW. M. Fawzy, T. J. Sears, and P. B. Davies, J. Chem. Phys. 92, 7021
(1990).

SiHs
M A3 (6p) Dy
Tp = 60341 gas MPI’

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 800(30) gas MPI 7

J?A3 (5p) Dy,
To = 56929 gas MPI’

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 OPLA 821(4) gas MPI 7

E- ZAZ (4p) Ds,
Ty = 48438 gas MPI®

Vib. No. Approximate cm~! Med. Type Refs.

sym. type of mode meas.

aj 2 OPLA 796(7) gas MPI 5,7

e’ 4 Deformation 870(5  gas MPI 7

XA, Cy Structure: ESRY“DL?

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 2 Umbrella 727.94"  gas DL,MPI 3,6,7
721.05¢  gas DLMPI 3,6,7

Barrier to inversion = 1935 gas PE‘MPI’

B, = 4.763 DL?



SiDs
P 2A; (7P) D
Tp = 62002 gas MPI’

ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 2 OPLA 615(3) gas  MPI 7
NZE’ (4f) Dy,
T, = 61005 gas MPI"®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 2 OPLA 619(7) gas  MPI 7
ﬂ 2A ; (Gp) Dsy
To = 60267 gas MPI’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 2 OPLA 6154) gas  MPI 7
K ZE' (4f) Dy,
Ty = 58417 gas MPI™®
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
@& 2 OPLA 615(3) gas  MPI 7
J 2A 5 (5[7) Dy
To = 56874 gas MPI’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 2 OPLA 608(3) gas  MPI 7
H?E’ (4p) D,
T, ~ 50000 gas MPI™®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a3 2 OPLA 602(5) gas MPI 7

1427
E*A3 (4p) Dy,
To = 48391 gas MPI’
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
aj 1 SiD; stretch 1576(3) gas MPI 7
a; 2 OPLA 589(3) gas MPI 7
e’ 4 Deformation 635(6) gas MPI 7
X ZA 1 C3v
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a 2 Umbrella 545° gas MPI 7

542¢ gas MPI 7

Barrier to inversion = 1925 gas MPT’

2 %(2\!4)
®1- — 0% transition.
¢1* — 0~ transition.

References
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GeHs
5p 2A '2‘ Dsy,
T, = 47705(5) gas MPI!

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 756(5) gas MPI 1

XA, Cs*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 Umbrella 663(10) gas MPI 1

*Estimated inversion barrier is 1530.
References

'R. D. Johnson I1I, B. P. Tsai, and J. W. Hudgens, J. Chem. Phys. 89,
4558 (1988).
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NH3

X3A3 Dy,
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a 1 NH stretch ~2740 gas PE 3
ay 2 OPLA 903.536  gas PEDL 3,6
e’ 3 NH stretch 3388.65 gas LD 5

B, = 10.644; C, = 5.246 LD°
References

M. G. Bawendi, B. D. Rehfuss, B. M. Dinelli, M. Okumura, and T.
Oka, J. Chem. Phys. 90, 5910 (1989).

¢S. Lee and T. Oka, Paper RA 14, 44th Symposium on Molecular Spec-
troscopy, Columbus, Ohio, June 1989.

AsH}
XA, Cy,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA* 452(25) gas PE,PI 1,2

*Low inversion barrier. Observed vibrational structure is above this
barrier.

References
'A. W, Potts and W. C. Price, Proc. Roy. Soc. (London) A326, 181
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%J. Berkowitz, J. Chem. Phys. 89, 7065 (1988).

H3O+
X Csv Structure: CC*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 Umbrella 954.40°  gas DL 2,3,5,7
525.82°  gas DL 5-7
e 3 OH stretch 3535.96° gas CC 1,4,10
3519.40¢ gas cC 1,4,10
4 Deformation 1625.95° gas DL 11
1638.53¢ gas DL 11
B(O*) = 11.254; (C-B)0*) = —4.91(6) IR,MW>"
D;O+
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 Umbrella 645.13* gas DL 8
438.39®  gas DL 8
e 3 OD stretch 2629.65° gas LD 13
2624.24° gas LD 13

B(0*) = 5.675 DL’LD"
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81~ — O7 transition.

b1+ — 0~ transition. For H;O*, 05 — 0* = 55.35 cm~%" and for
D;O%, 15.39 cm—!#

°1* — 07 transition.

41~ — 0~ transition.
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HsS+
X C3v

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 1 SH stretch 2521.05 gas LD 3
Umbrella 103331  gas DL 2

e 3 SH stretch 2525.74 gas D 1,3

B, = 4.895; C, = 4.228 LD"“DL?
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6.5. Four-Atomic Dihydrides

CuzH2
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1341.7 Ar IR 1
938.7 Ar IR 1
528.0 Ar IR 1
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CuzD: DZnCD
X X
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
975.3 Ar IR 1 ZnD stretch 1386.8m Ar IR 1
687.7 Ar IR 1 ZnC stretch 627.2wm Ar IR 1
DZnC bend 344.7s Ar IR 1
References
References
IR. H. Hauge, Z. H. Kafafi, and J. L. Margrave, in “Physics and Chem-
istry of Small Clusters,” P. Jena, B. K. Rao, and S. N. Khanna, Eds., !S.-C. Chang, R. H. Hauge, Z. H. Kafafi, J. L. Margrave, and W. E.
p. 787 (Plenum, New York, 1987). Billups, J. Chem. Soc., Chem. Commun. 1682 (1987).
ZnCH: FeCH:
Photolysis threshold near 360 nm. In an argon matrix,' rearranges to Photolysis threshold near 360 nm. In an argon matrix,? rearranges to
HZnCH. HFeCH.
X Cyv X Cyy
Vib. No. Approximate cm™! Med.  Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a1 CHysstretch 29585 Ar IR 1 @ 1 CHysstretch  2941.6m Ar IR 12
_ 2936.1 3 FeC stretch 623.9vs Ar IR 12
2 CH, scissors 13415 Ar IR 1 by 4 OPLA 700.3s Ar IR 1,2
1339.1 697.4
3 ZnCstretch 5137 Ar IR 1 b, 5 CHyastretch 30115 Ar IR 2
3120 6  CH, rock 4520 Ar IR 2
b, 4 OPLA 524.8 Ar IR 1
b, 5 CH; a-stretch 3047.2 Ar IR 1
6 CH, rock 543.8 Ar IR 1
FeCD:
X C2v
ZnCD:
X C Vib. No. Approximate cm™! Med. Type Refs.
ZV sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. a 1 CD, s-stretch 21343  Ar IR 2
sym. type of mode meas. 3 FeC stretch 5752 Ar IR 2
by 4 OPLA 552.7 Ar IR 2
a 1 CD; s-stretch 2165.7 Ar IR 1 550.9
2 CD; scissors 10098  Ar IR 1 b, 5 CD,astretch  2201.0 Ar IR 2
3 ZnC stretch 472.2 Ar IR 1 6 (:D2 rock 347.6 Ar IR 2
b 4 OPLA 419.0 Ar IR 1
b, 6 CD; rock 4122 Ar IR 1
References
References IS.-C. Chang, Z. H. Kafafi, R. H. Hauge, W. E. Billups, and J. L.

Margrave, J. Am. Chem. Soc. 107, 1447 (1985).
1S.-C. Chang, R. H. Hauge, Z. H. Kafafi, J. L. Margrave, and W. E. 2§.-C. Chang, R. H. Hauge, Z. H. Kafafi, J. L. Margrave, and W. E.

Billups, J. Chem. Soc., Chem. Commun. 1682 (1987). Billups, J. Am. Chem. Soc. 110, 7975 (1988).
HZnCH
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
ZnH stretch 1924.4ms Ar IR 1
ZnC stretch 647.5wm Ar IR 1
HZnC bend 469.3s Ar IR 1
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HFeCH CaNH;
Photolysis threshold near 400 nm. In an argon matrix,! rearranges to C2A, (% Structure: LF?
FeCH.,. s o
2 Ty = 17375.129(5) gas CL'LF? &-% 575 nm
X B* = 0.306; C®* = 0.298 LF?
. . B 257 CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. To = 15886 gas CL'LP** B-X 620-650 nm
A = 146(2); i(B + C) = 0.304 LF*
FeH stretch 1681.6 Ar IR 1
FeC stretch 674.2 Ar IR 1 A ‘B, Ca
FeCH bend 632.1 A IR 1 - .
T T, = 15464 gas CL'LF* A-X 620-650 nm
Vib. No. Approximate cm™! Med. Type Refs.
DFeCD sym. type of mode meas.
x a 3 CaN stretch 520(10) gas F 3
Vib. No. Approximate cm™! Med. Type Refs. A4=114 B+ C)=034LF
sym. type of mode meas.
2 . 2
FeD stretch 12092 Ar IR 1 X4, G Structure:  LF
FeC stretch 648.3 Ar IR 1
FeCD bend 503.7 Ar IR 1 Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
References a 3 CaN stretch 524(10)  gas F 3

IS.-C. Chang, R. H. Hauge, Z. H. Kafafi, J. L. Margrave, and W. E.

Billups, J. Am. Chem. Soc. 110, 7975 (1988).

4 =13.0; B* =0.301; C* = 0293 LF>*

*From analysis of K_; = 1 subband of C-X transition.
CuCH. References
X (&Y 'R. F. Wormsbecher, M. Trkula, C. Martner, R. E. Penn, and D. O.
Harris, J. Mol. Spectrosc. 97, 29 (1983).
Vib. No. Approximate cm™! Med. Type Refs. *R. F. Wormsbecher, R. E. Penn, and D. O. Harris, J. Mol. Spectrosc.
sym. type of mode meas. 97, 65 (1983).
’A. M. R. P. Bopegedera, C. R. Brazier, and P. F. Bernath, J. Phys.
a 1 CH, s-stretch 2960.7 Ar IR 1 Chem. 91, 2779 (1987).
2 CH, scissors 1344.9 Ar IR 1 “C. J. Whitham and Ch. Jungen, J. Chem. Phys. 93, 1001 (1990).
3 CuC stretch 614.0 Ar IR 1
by 4 OPLA 526.0 Ar IR 1
b, 5 CHyastretch 30347 Ar IR 1 CuNH:
X
CuCD. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
X CZV
NH stretch 3369.3 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs. NH; deform. 1528.0 Ar IR 1
sym. type of mode meas. CuN stretch 748.2 Ar IR 1
a; 2 CD, scissors 1013.7 Ar IR 1
3 CuC stretch 570.4 Ar IR 1
b 4 OPLA 4091  Ar IR 1 CuND:
X
References
Vib. No. Approximate cm™! Med. Type Refs.
!S.-C. Chang, Z. H. Kafafi, R. H. Hauge, W. E. Billups, and J. L. sym. type of mode meas.
Margrave, J. Am. Chem. Soc. 109, 4508 (1987).
ND stretch 2471.7 Ar IR 1
ND, deform. 1147.9 Ar IR 1
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References HCaOH
'D. W. Ball, R. H. Hauge, and J. L. Margrave, Inorg. Chem. 28, 1599 X Cov
(1989).
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode mess.
HBNH
P . t 1 OH stretch 3697 Ar IR 1
Cov Structure:  MO* 2 CaH stretch 12328  Ar IR 1
CaO stretch 574.8 Ar IR 1
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
5+ 1 NHstretch 3700m  Ar IR 3 DCaOD
3 BN stretch 1786.19  gas L 4 X
178m Ar IR 3 Cov
I 4 Bend 460m Ar IR 3
Vib. No. Approximate cm™! Med. Type Refs.
By = 1.099 DL* sym. type of mode meas.
st 2 CabD stretch 887.3 Ar IR 1
DBND CaO stretch 576.5 Ar IR t
X Cuov
References
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. 13. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
18, 97 (1984).
=+ 1 ND stretch 2836 Ar IR 3
3+ 2 BD stretch 2730 Ar IR 3
3+ 3 BNstretch 1734 Ar IR 3 HSrOH
I 4 Bend 360 Ar IR 3
x Cuv
References Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
IN. C. Baird and R. K. Datta, Inorg. Chem. 11, 17 (1972).
’D. R. Armstrong and D. T. Clark, Theor. Chim. Acta 24, 307 (1972). 3+t 2 SrH stretch 1143.2 Ar IR 1
*E. R. Lory and R. F. Porter, J. Am. Chem. Soc. 95, 1766 (1973). SrO stretch 498.2 Ar IR 1
*Y. Kawashima, K. Kawaguchi, and E. Hirota, J. Chem. Phys. 87, 6331
1987).
DSrOD
HMgOH oL
X va
Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm~! Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
zt 2 StD stretch 818.0 Ar IR 1
st 2 MgH stretch 1591.8 Ar IR 1 SrO stretch 487.4 Ar IR 1
MgO stretch 742.3 Ar 1R 1
References
DMgOD 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
18, 97 (1984).
X Cov
Vib. No. Approximate cm™! Med. Type Refs. HBaOH
sym. type of mode meas. 5 c..
st 2 MgD stretch 1162.8 Ar IR 1
MgO stretch 715.3 Ar IR 1 Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
References zt 2 BaH stretch 1059.4 Ar IR 1
BaO stretch 458.9 Ar IR 1

1J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
18, 97 (1984).
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DBaOD References
X Cav 3. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).
Vib. No. Approximate cm™! Med. Type Refs,
sym. type of mode meas.
HFeOH
z* 2 BaD stretch 757.2 Ar IR 1
BaO stretch 447.7 Ar IR 1 X G
Vib. No. Approximate cm™! Med. Type Refs.
References sym. type of mode meas.
'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci. a' 2 FeH stretch 17319 Ar IR 1
18, 97 (1984). FeO stretch 682.4 Ar IR 1
Bend 457.6 Ar IR 1
HCrOH
X G DFeOD
Vib. No. Approximate cm™! Med. Type Refs. X G
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
a’ 2 CrH stretch 1639.9 Ar IR 1 sym. type of mode meas.
CrO stretch 674.1 Ar IR 1
Bend 433.8 Ar IR 1 a’ 2 FeD stretch 1245.3 Ar IR 1
FeO stretch 660.5 Ar IR 1
DCrOD References
X G 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HCoOH
a’ 2 CrD stretch 1184.5 Ar IR 1 %
CrO stretch 6540  Ar IR 1 G
Vib. No. Approximate cm™! Med. Type Refs.
References sym. type of mode meas.
7. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89, a’ 2 CoH stretch 1790.4 Ar IR 1
3541 (1985). CoO stretch 667.4 Ar IR 1
HMnOH
DCoOD
X C,
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a’' 2 MnH stretch 1663.4 Ar IR 1
MnO stretch 648.1 Ar IR 1 a’ 2 CoD stretch 1291.2 Ar IR 1
CoO stretch 641.9 Ar IR 1
DMnOD References
X G 13, W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 MnD stretch 1197.1 Ar IR 1
MnO stretch 628.5 Ar IR

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES 1433
HNIOH H.C=C
Photodissociates, losing H, on 280-360 nm irradiation.! b?A, Cyy
% T, = 22200(160) gas PE®
a’B; Cyv
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. T, = 16660(50) gas PES
OH stretch 3698.6  Ar IR 1 Vib. No. Approximate cm™! Med. Type Refs.
3688.4 Kr IR 1 sym. type of mode meas.
NiH stretch 1901.0 Ar IR 1
1837.3 a 1 CH, s-stretch 2930(10) gas PE 6
1893.0  Kr IR t C=C stretch 1530(70) gas  PE 6
1830.8 3 CH; scissors 1375(10) gas PE 6
NiO stretch 707.0 Ar IR 1
690.6
699.1 Kr IR 1 X4, Ca
685.8
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
DNIOD a 1 CH; s-stretch 3025(30) gas PE 6
X C=C stretch 1635(10) gas PE 3,6
3 CH; scissors 1165(10) gas PE 3,6
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
D.C=C
OD stretch 2726.4 Ar IR 1 -,
NiD stretch 1332 Ar IR 1 a°bB; Cav
1323.9
NiO stretch 681.2 Ar IR 1 Vib. No. Approximate cm™! Med. Type Refs.
664.8 sym. type of mode meas.
a 1 CD,; s-stretch 2160(10) gas PE 6
References C=C stretch 1495(10) gas PE 6
3 CD, scissors 1010(10) gas PE 6
M. Park, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 25, 1
(1988).
X 7A1 C2v
HCuOH
X c Vib. No. Approximate cm™! Med. Type Refs.
¢ sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. a 1 CD, s-stretch 2190(30) gas PE 6
sym. type of mode meas. C=C stretch 1590(20) gas PE 3,6
3 CD; scissors 865(10) gas PE 3,6
a’ 2 CuH stretch 1910.8 Ar IR 1
$CuO stretch 615.6 Ar IR 1
CuOH bend 668.6 Ar IR 1 References
°K. M. Ervin, J. Ho, and W. C. Lineberger, J. Chem. Phys. 91, 5974
(1989).
DCuOD
x G HCNH*
Vib. No. Approximate cm™! Med. Type Refs. X Cov Structure: LD’
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
a’ 2 CuD stretch 1380.8 Ar IR 1 sym. type of mode meas.
SCuO stretch ~ 613.8 Ar IR 1
CuOD bend 496.0 Ar IR 1 p 1 NH stretch 3482.84 gas LD 1,2
2 CH stretch 3187.86 gas LD 1,2
3 CN stretch 2155.70  gas DL 6,7
References M 4  HCN bend 801.59  gas DL 4
5 HNC bend 645.92 gas 5

1J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,

3541 (1985).

DL

B, = 1.236 LD"?
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References

'R. S. Altman, M. W. Crofton, and T. Oka, J. Chem. Phys. 80, 3911
(1984).

’R. S. Altman, M. W. Crofton, and T. Oka, J. Chem. Phys. 81, 4255
(1984).

3T. Amano and K. Tanaka, J. Mol. Spectrosc. 116, 112 (1986).

‘K. Tanaka, K. Kawaguchi, and E. Hirota, J. Mol. Spectrosc. 117, 408
(1986).

’W.-C. Ho, C. E. Blom, D.-J. Liu, and T. Oka, J. Mol. Spectrosc. 123,
251 (1987).

M. Kajita, K. Kawaguchi, and E. Hirota, J. Mol. Spectrosc. 127, 275
(1988).

'D.-J. Liu, S.-T. Lee, and T. Oka, J. Mol. Spectrosc. 128, 236 (1988).
H.C=C—

Threshold for electron detachment from ground-state H,C=C~ =
3950(50) gas PE!

MARILYN E. JACOX

DGaOD
X C,

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.
OD stretch 2708 Ar IR 1
DGa stretch 1213.8 Ar IR 1
®Ga0 stretch 644.6 Ar IR 1
DGaO bend 582.9 Ar IR i

References

'R. H. Hauge, J. W. Kauffman, and J. L. Margrave, J. Am. Chem. Soc.

102, 6005 (1980).

HInOH
X ?B; Cy X G,
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a 2 CC stretch 1485(30) gas PE 1 OH stretch 3663 Ar IR 1
3 CH, scissors 1305(10) - gas PE 1 HIn stretch 1486.3 Ar IR 1
HInO bend 713.4 Ar IR 1
InO stretch 548.0 Ar IR 1
D2C=C~
Threshold for electron detachment from ground-state D,C=C~ = DInOD
1
3970(50) gas PE X C
X B, Ca
Vib. No. Approximate cm™! Med. Type Refs.
. f mod .
Vib. No. Approximate cm™! Med. Type Refs. sym type of mode meas
sym. type of mode meas. Din stretch 10801 Ar IR
tretch 550.9 A IR 1
a 3 CD, scissors 960(20)  gas PE 1 InO strete '
References
References

'K. M. Ervin, J. Ho, and W. C. Lineberger, J. Chem. Phys. 91, 5974
(1989).

HGaOH
X C,

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas
OH stretch 3675 Ar IR 1
HGa stretch 1669.8 Ar IR 1
HGaO bend 784.9 Ar IR i
®Ga0 stretch 646.4* Ar IR 1
GaOH bend 520.5 Ar IR 1

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

R. H. Hauge, J. W. Kauffman, and J. L. Margrave, J. Am. Chem. Soc.

102, 6005 (1980).

H2CSe
A'A, Cy Structure: LF’
To ~ 13555 gas LF* A-X 685-720 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 3 C=Se stretch 662 gas LF 6
b 4 OPLA ~355 gas LF 6
A* = 9.015; B* = 0.377; C* = 0.360 LF’



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES

5 3A2 sz
To = 12171.0 gas AB'CL’LF*®

a-X 658-822 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 2 CH; scissors 1312 gas LF 5,6

3 C=Se stretch 704 gas AB,CL 1,3,5,6
LF

by 4 OPLA 297° gas AB,LF 156
b, 6 HCSe bend 812° gas LF 5,6

XA, Cy Structure: MW?2*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 3 C=Se stretch ~901 gas LF 6
Ao = 9.690; B, = 0.414; C, = 0396 MWZLF’

D.CSe

A ,Az sz

To = 136314 gas LF® A-X 671-734 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 3 C=Se stretch 619 gas LF 6
Ao = 4711; B, = 0.316; C, = 0.296 LF’

a‘A, Co

Ty = 12262.7 gas LF® a-X 661-815 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 CD; scissors 996 gas LF 6

3 C=Se stretch 667 gas LF 6

b 4 OPLA 208" gas LF 6
b, 6 DCSe bend 563¢ gas LF 6

XA, Ca
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a, 3 C=Se stretch ~789 gas LF 6

Ao = 4.87Q2); Bo = 0.34; C; = 0.321 MW*LF’

aV4=1.

YFrom fit to double minimum potential. Barrier to inversion 13.1 for

H,CSe, 16.2 for D,CSe.®
¢ J2'(2\/,)

References

IR. H. Judge and D. C. Moule, J. Am. Chem. Soc. 106, 5406 (1984).
2R. D. Brown, P. D. Godfrey, and D. McNaughton, Chem. Phys. Lett.

118, 29 (1985).
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3R. J. Glinski, E. A. Mishalanie, and J. W. Birks, J. Am. Chem. Soc.

108, 531 (1986).

‘R. D. Brown, P. D. Godfrey, D. McNaughton, and P. R. Taylor, J.

Mol. Spectrosc. 120, 292 1986).

’D. J. Clouthier, R. H. Judge, and D. C. Moule, Chem. Phys. 114, 417

(1987).

‘R. H. Judge, D. J. Clouthier, and D. C. Moule, J. Chem. Phys. 89,

1807 (1988).

D. J. Clouthier, R. H. Judge, and D. C. Moule, J. Mol. Spectrosc. 141,

175 (1990).
H2SiO
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
Si=Q stretch 1202 Ar IR 1,2
SiH, deform. 697 Ar IR
D2SiO
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Si=0 stretch 1189 Ar IR 1,2
SiD; deform. 533 Ar IR

References

'R. Withnall and L. Andrews, J. Am. Chem. Soc. 107, 2567 (1985).
’R. Withnall and L. Andrews, J. Phys. Chem. 89, 3261 (1985).

HSiOH
X C;

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 1 OH stretch 3661 Ar IR 1,2
2 SiH stretch 18822 Ar IR 1,2

1847

3 HSiO bend 937 Ar IR 1,2
4 SiO stretch 851 Ar IR 1,2
5 SiOH bend 723 Ar IR 1,2

a” 6 Torsion 595 Ar IR 1,2
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DSIiOD DGeOD
X X Cs
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate P Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
! 1 D
@ OD stretch 67 Ar IR 2 @ 1 OD stretch 26951 Ar IR 2
2 SiD stretch 1354 Ar IR 1,2
3 DSiO bend 715 Ar IR 12 2 GeD stretch 1257.6 Ar IR 2
701° Ar IR 1’ 3 GeOD bend 685.4 Ar IR 2
4 SiO stretch 847> Ar IR 12 4 GeOstretch 6420 Ar IR 2
841 Ar IR 12 5 DGeO bend 503.0 Ar IR 2
5 SiOD bend 521 Ar IR 12 a 6 Torsion 420.3 Ar IR 2
a” 6 Torsion 447 Ar IR 1,2

*Fermi resonance splitting.

°Less stable rotamer, presumed to have the cis-structure.

1Z. K. Ismail, R. H. Hauge, L. Fredin, J. W. Kauffman, and J. L.

References

Margrave, J. Chem. Phys. 77, 1617 (1982).
’R. Withnall and L. Andrews, J. Phys. Chem. 89, 3261 (1985).

References

'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, “Metal Bonding
and Interactions in High Temperature Systems,” J. L. Gole and W.
C. Stwalley, Eds., ACS Symposium Ser. 179 (American Chemical
Society, Washington, D. C., 1982), pp. 355-362.

R. Withnall and L. Andrews, J. Phys. Chem. 94, 2351 (1990).

H.GeO HSnOH
e
2 % c.
X
Vib. No. Approximate em™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
GeH, stretch 2079.6 Ar IR 1 a’' 2 SnH stretch 1608.0 Ar IR 1
: | 1597.7
GeH, stretch 2076.6 Ar IR 1
4 bend 782.6 IR 1
oot s AR DM ome owom
GeH, scissors 803.8 Ar IR 1 a” 6 Torsion 4755 A R ’
D.GeO References
x 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, “Metal Bonding
and Interactions in High Temperature Systems,” J. L. Gole and W.
Vib. No. Approximate cm™! Med. Type  Refs. C. Stwalley, Eds., ACS Symposium Ser. 179 (American Chemical
sym. type of mode meas. Society, Washington, D. C., 1982), pp. 355-362.
GeD, a-stretch ~ 1495.7 Ar IR 1
GeD, sstretch ~ 1490.1  Ar IR 1 H2NN
= 2 A IR 1 .. . . .
geG %str: tch 2?: 4 A; IR 1 Photolyzes on irradiation of the sample by visible light; solid solution
GzHe scyvsogrs 577- Ar IR 1 in 2-methyltetrahydrofuran at 80 K shows structured absorption be-
o OB tween 500 and 730 nm, with maximum near 636 nm.!
References X Cav
'R. Withnall and L. Andrews, J. Phys. Chem. 94, 2351 (1990). Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HGeOH @ 1  NHstretch 28620s Ar IR 1,2
2 NH, scissors 1644.7w Ar IR 2
x G 3 N=Nstretch  15742m Ar IR 1,2
b 4 OPLA 1002.7vs Ar IR 1,2
Vib. No. Approximate cm™! Med. Type Refs. by 5 NH stretch 2804.6m Ar IR 1,2
sym. type of mode meas. 6 NH,; rock 1287.5vw Ar IR 2
a’ 1 OH stretch 3652.0 Ar IR 2
2 GeH stretch 1741.3 Ar IR 1,2
3 GeOH bend 885.2 Ar IR 2
4 HGeO bend 708.7 Ar IR 2
5 GeO stretch 657.6 Ar IR 1,2
a” 6 Torsion 566.2 Ar IR 1.2
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D2NN References
X
M. E. Jacox and D. E. Milligan, J. Chem. Phys. 53, 2688 (1970).
- - 1 2L.. Andrews and D. W. Smith, J. Chem. Phys. 53, 2956 (1970).
Vib. No. Approximate cm™ Med. Type  Refs. ’J. P. Michaut and J. Roncin, Chem. Phys. Lett. 12, 95 (1971).
Sym. type of mode meas. *Y. Endo, S. Saito, and E. Hirota, Can. J. Phys. 62, 1347 (1984).
a 1 ND stretch 2140.2vs  Ar IR 2
2 N=Nstretch  1599.0wm Ar IR 1,2 H:ClI
by 4 OPLA 793.5ms Ar IR 1,2
b, 5  NDstretch 2107.0s  Ar IR 1,2 X
Vib. No. Approximate cm~! Med. Type Refs.
References sym. type of mode meas.
'A. P. Sylwester and P. B. Dervan, J. Am. Chem. Soc. 106, 4648 CH stretch ~3050 gas IR 2
(1984). CH,; scissors ~1330 gas IR 2
2J. H. Teles, G. Maier, B. A. Hess, Jr., and L. J. Schaad, Chem. Ber. 1331.5s Ar IR 1
122, 749 (1989). CI stretch 61lwm  Ar IR 1
Umbrella 375s Ar IR 1
H2CS~
Threshold for electron detachment from ground-state H,CS~ = D20|
3750(185) gas PEM
X
X Cay Structure: PE'?
- - Vib. No. Approximate cm™! Med. Type Refs.
-1
Vib. No. Approximate cm Med. Type Refs. sym. type of mode meas,
sym. type of mode meas.
CD, scissors 994 A IR 1
a3 CSstretch 8602200 gas PE 12 Cl oot e A IR .
b 4 OPLA 450(120) gas  PE 12 Umbrella >71s Ar IR )
References References

!S. Moran and G. B. Ellison, Int. J. Mass Spectrom. Ion Proc. 80, 83

'D. W. Smith and L. Andrews, J. Chem. Phys. 58, 5222 (1973).

(1987). . 2S. L. Baughcum and S. R. Leone, J. Chem. Phys. 72, 6531 (1980).
’S. Moran and G. B. Ellison, J. Phys. Chem. 92, 1794 (1988).
H2PO
H2CCI 2
X
X Cay Structure: ESR*MW*
- - - Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
PH stretch 2275.7 Ar IR 1
@ 2 CH, scissors 1391lwm  Ar IR 2 2273.8
3 CCl stretch 827s Ar IR 1,2 P—0 stretch 1153.1 Ar IR 1
by 4 OPLA 402s Ar IR 1,2
1151.7
" 1147.7
Ao = 9.152(3); By = 0.532; Cp = 0.502 MW PH, rock 833.2 Ar IR 1
PH, wag 791.6 Ar IR 1
D.CCI
X D2PO
. . —~1 X
Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
a 2 CD; scissors 1045m Ar IR 1,2 sym. type of mode meas.
3 CCl stretch 788m Ar IR 1,2
b 4 OPLA 291m Ar IR 1,2 PD stretch 1648.2 Ar IR 1
P=0 stretch 1147.3 Ar IR 1
1141.7
1137.7
PD; rock 628.4 Ar IR 1
PD, wag 602.9 Ar IR 1
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References References
'R. Withnall and L. Andrews, J. Phys. Chem. 92, 4610 (1988). 'H. Baumgirtel, H.-W. Jochims, E. Riihl, H. Bock, R. Dammel, J.
Minkwitz, and R. Nass, Inorg. Chem. 28, 943 (1989).
HPOH
X NH2F
X C, Structure: MW?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
POH deform. 1094.4 Ar IR 1
HPO deform. 955.7 Ar IR 1 a’' 1 NH; s-stretch 3269° Ar IR 1
P-O stretch 817.7 Ar IR 1 3234 N, IR 3
Torsion 406.3 Ar IR 1 2 NH, scissors 15682 Ar IR 1
1564 N, IR 3
3 NH, wag 12442 Ar IR 1
1241 N IR 3
DPOD 1233 i
X 4 NF stretch 934* Ar IR 1
891 N, IR 3
a’ 5 NH; a-stretch 3346 N, IR 3
Vib. No. Approximate cm™~! Med. Type Refs.
sym. type of mode meas. Barrier to inversion = 5250 MW?
Ao = 8.782; B, = 0.879; C, = 0.845 MW?
OD stretch 2689.0 Ar IR 1
POD deform. 821.8 Ar IR 1
820.2 ND,F
P-O stretch 816.6 Ar IR 1
DPO deform. 7105  Ar IR 1 X G
Torsion 303 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
References
a’ 1 ND;, s-stretch 2399 Ar IR 1
IR. Withnall and L. Andrews, J. Phys. Chem. 92, 4610 (1988). 2 ND, scissors 11512 Ar IR 1
3 ND, wag 968> Ar IR 1
4 NF stretch 924* Ar IR 1
NH2F+
&b A"’ G, Ay = 4.612; By = 0.784; C, = 0.726 MW?
T* = 52300(1000) gas PE' *HF or DF trapped in adjacent site.
Ba c References
T® = 34500(1000) gas PE! L. Andrews and R. Lascola, J. Am. Chem. Soc. 109, 6243 (1987).
’D. Christen, R. Minkwitz, and R. Nass, J. Am. Chem. Soc. 109, 7020
Az24" C (1987).
H. Baumgirtel, H.-W. Jochims, E. Riihl, H. Bock, R. Dammel, J.
T* = 21220(160) gas PE' Minkwitz, and R. Nass, Inorg. Chem. 28, 943 (1989).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. PHZF
~550 gas PE 1 X G
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
XA’ C;
a’ 1 PH, s-stretch 2304 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs. 2 PH, scissors 1090 Ar IR 1
Sym. type of mode meas. 3 PH; s-deform. 934 Ar IR 1
4 PF stretch 795vs Ar IR 1
~300° gas PE 1 a” 5 PH; a-stretch 2310 Ar IR 1

*From vertical ionization potentials.
Separation characteristic of higher vibrational spacings.
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PD2F
X G
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 PD; s-stretch 1673 Ar IR 1
3 PF stretch 798 Ar IR 1
4 PD, s-deform. 701 Ar IR 1
a” 5 PD, a-stretch 1680 Ar IR 1
References
'L. Andrews and R. Withnall, Inorg. Chem. 28, 494 (1989).
H20:
Continuous absorption, 120-300 nm.'2"!2
X C Structure: IR**MW?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 OH s-stretch 3617.95* gas IR,Ra 3,4,10,
 3609.8 17
3593 Ar Ra 11
2 OH s-bend 1393.5 gas Ra 10
1385 Ar Ra 11
3 OO stretch 863.5 gas Ra 10
869 Ar Ra 11
4 Torsion 370.89*  gas IR 6,17,18,
254.55 19
372br Ar IR 9
264
378vs,br N, IR 59
b 5 OH a-stretch 3618.84* gas IR 34,17
3610.66
3597 Ar IR 9
3589
3587s N: IR 5,9
3582s
6 OH a-bend 1273.68* gas IR,LDL 3,16
1264.58
1277ms  Ar IR 9
1271vs
1294vs N, IR 5,9
Ao = 10.069; B, = 0.874; C, = 0.838 IR*"MW3!13
D20:
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 OD s-stretch 2668 gas Ra 10
2653.5 Ar Ra 11
2 OD s-bend 1029 gas Ra 10
1021.5 Ar Ra 11
3 OO stretch 867 gas Ra 10
871 Ar Ra 11
4 Torsion 251 Ar IR 9
286br N IR 9

1439
X — Continued
Vib. No. Approximate cm™~! Med. Type Refs.
sym. type of mode meas.
b 5 OD a-stretch 2661m gas IR 3
2646 Ar IR 9
2646 N; IR 9
6 OD a-bend 947s gas IR 3
951vs Ar IR 9
966vs N, IR 9

*Transitions to two lowest torsional levels associated with this funda-
mental are given.
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HFe2F
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HFe stretch 17139 Ar IR 1
FeF stretch 651.6 Ar IR
References

'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.

17, 237 (1984).

HC;3
X zI:[l/l CmV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=t 1 CH stretch 3238.0°0  Ar IR 5
C; a-stretch 18323 Ar IR 1,5
1824.8
3 C; s-stretch 1167br Ar IR 5
1159.7
I 4 HCC bend 28° gas MW 4
A4 =144 gas MW**
By, = 0.373 Mw**
DCs
Xa,, C.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=t 1 CD stretch 24242°  Ar IR
C; a-stretch 1779.3 Ar IR 1,5
1770.6
3 C; s-stretch 1148.0 Ar IR 5
1140.3
A = 12.53 gas MW*
By, = 0.337 MW*
*Tentative assignment.
*?3# component.
References

M. E. Jacox and D. E. Milligan, Chem. Phys. 4, 45 (1974).

2C. A. Gottlieb, J. M. Vrtilek, E. W. Gottlieb, P. Thaddeus, and A.

Hjalmarson, Astrophys. J. 294, L55 (1985).

3C. A. Gottlieb, E. W. Gottlieb, P. Thaddeus, and J. M. Vrtilek, Astro-
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Ishikawa, and M. Ohishi, Astrophys. J. 348, 363 (1990).

5J. W. Huang and W. R. M. Graham, J. Chem. Phys. 93, 1583 (1990).

HNCN
Az C,

To = 28994.1 gas AB!
Ao = 22.438; By, = 0.376; C, = 0.369 AB!

Structure: AB!

A-X 344 nm
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XZ 2 Cs

Ao = 21.220; B, = 0.370; C, = 0.362 AB!

Structure: AB!

References

!G. Herzberg and P. A. Warsop, Can. J. Phys. 41, 286 (1963).

HCCO

On flash photolysis of oxazole or isoxazole (C;H;NO), absorption band
systems appear between 367 and 340 nm and between 340 and 308 nm
which have tentatively been assigned to HCCO.! Band separations of
1057 and 1074 were identified in the first of these transitions and of 423
and 969 in the second, with some evidence for a “hot band” at 505 in
the second transition.

Analysis of the submillimeter-wave spectrum?® indicates that HCCO
possesses a low-lying excited electronic state which, together with the
ground state, is derived from a II state by Renner-Teller interaction.

X C,

Ao = 41.5(1.5); By = 0.363; Cp = 0.359 MW?

Structure: MW?

DCCO
X C,

Ay = 21.75(12); B, = 0.331; Cp = 0.325 MW?
References

IS. L. N. G. Krishnamachari and R. Venkatasubramanian, Pramana 23,
321 (1984).
%Y. Endo and E. Hirota, J. Chem. Phys. 86, 4319 (1987).

HCNN
A

T, = 30500 gas AB!24S A-X 289-328 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1048 gas AB 4
X
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
CH stretch 3233wm  Ar IR

3229m N, IR

CNN a-stretch 1787s Ar IR
1784s Kr IR
1800s Nz IR

H deform. 861vs Ar IR
860vs Kr IR
871lm N, IR
863m

WO W W W W W W
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DCNN DNCO
X xa C,
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
CNN a-stretch  1771vs Ar IR 3 a’ 1 ND stretch 263720 gas IR 8
D deform. 725vs Ar IR 3 2606.9m Ar IR 12
2 NCO a-stretch ~ 2235vs gas IR 3
2231.0vs  Ar IR 12
References 3 NCOsstretch 1310 gas IR 3
4 DNC, NCO bend 578.6w  Ar IR 12
!G. Herzberg and D. N. Travis, Can. J. Phys. 42, 1658 (1964). 5 DNC, NCO bend 475.4w Ar IR 12
2N. Basco and K. K. Yee, Chem. Commun. 150 (1968). a” 6 Torsion 602.9 gas IR 3
3J. F. Ogilvie, Can. J. Chem. 46, 2472 (1968).
“H. W. Kroto, T. F. Morgan, and H. H. Sheena, Trans. Faraday Soc. Ay = 17.09; B, = 0.344; C, = 0.336 MW’
66, 2237 (1970).
’B. R. Sweeting and C. W. Mathews, Paper TH10, 44th Symposium on References

Molecular Spectroscopy, Columbus, Ohio, June 1989.

HNCO

Between 132.5 and 120 nm, continuous absorption, with some diffuse
bands.’

Relatively sharp absorption bands at 72940, 73910, and 74680 (137.1,
135.3, and 133.9 nm), which may be contributed by a Rydberg transi-
tion.’

Between 147 and 163 nm, diffuse bands are superposed on a continuum,
with maximum near 157 nm.’

Continuous absorption between 163 and 185 nm, with a maximum near
166 nm.’

Continuous absorption has its onset near 41000 (244 nm), and extends
beyond 200 nm.*

AAY C,
gas AB* A-X 228-282 nm

Complicated group of progressions, possibly resulting from the occur-
rence of cis- and trans- rotamers in the excited state.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ NCO bend ~555 gas AB 4

A ~ 437, B ~ 0388 C ~ 0357 AB*

xa G Structure: MW’
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 NH stretch 3538.25s gas IR 1,2,12
14
3516.8wm Ar IR 12
3505.7wm
2 NCO a-stretch 2268.89vs gas IR 1,2,9,10
2259.0vs Ar IR 12,13
3 NCO s-stretch 1327vw  gas IR 1,2
4 HNC, NCO bend 776.62wm gas IR 6
769.8wm Ar IR 12,13
5 HNC, NCO bend 577.35w  gas IR 1,2,6
573.7wm Ar IR 12,13
a” 6 Torsion 656.29 gas IR 6,11

Ao = 30.638; B, = 0.369; Cp; = 0.364 MW’IR™

'G. Herzberg and C. Reid, Discuss. Faraday Soc. 9, 92 (1950).

’C. Reid, J. Chem. Phys. 18, 1544 (1950).

’R. A. Ashby and R. L. Werner, Spectrochim. Acta 22, 1345 (1966).

‘R. N. Dixon and G. H. Kirby, Trans. Faraday Soc. 64, 2002 (1968).

H. Okabe, J. Chem. Phys. 53, 3507 (1970).

‘D. A. Steiner, K. A. Wishah, S. R. Polo, and T. K. McCubbin, J. Mol.
Spectrosc. 76, 341 (1979).

K. Yamada, J. Mol. Spectrosc. 79, 323 (1980).

5D. A. Steiner, S. R. Polo, T. K. McCubbin, and K. A. Wishah, Can. J.
Phys. 59, 1313 (1981).

B. Lemoine, K. Yamada, and G. Winnewisser, Ber. Bunsenges. Phys.
Chem. 86, 795 (1982). »
D, A. Steiner, S. R. Polo, T. K. McCubbin, and K. A. Wishah, J.

Mol. Spectrosc. 98, 453 (1983).
VL., Fusina, M. Carlotti, and B. Carli, Can. J. Phys. 62, 1452 (1984).
23, H. Teles, G. Maier, B. A. Hess, Jr., L. J. Schaad, M. Winnewisser,
and B. P. Winnewisser, Chem. Ber. 122, 753 (1989).
B3], N. Crowley and J. R. Sodeau, J. Phys. Chem. 93, 3100 (1989).
“K. M. T. Yamada, M. Winnewisser, and J. W. C. Johns, J. Mol
Spectrosc. 140, 353 (1990).

HOCN
X C, Structure: MO

Vib. No. Approximate cm™~! Med. Type Refs.

sym. type of mode meas.

a’ 1 OH stretch 3610 Ne IR 5
3569.6s  Ar IR 1,6
3506s N, IR

2 C=N stretch 2294 Ne IR
2286.3vs Ar IR 1,6,7
2294s N, IR 1

3 OH deform. 1227 Ne IR
1227.9s  Ar IR 1,6,7
1241m N, IR

4 C-O stretch 1082 Ne IR
1081.3m Ar IR 1,6,7
1098s N IR

5 OCN deform. 460wm N, IR 1
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DOCN DCNO
X o} X c..°
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a' 1 OD stretch 2635.0vs  Ar IR 1,6 2t 1 CD stretch 2620.73  gas IR 7
2590sh N, IR 1 2612.7vs  Ar IR 17
2 C=N stretch 2284.6vs Ar IR 1,6 2 CNO a-stretch ~ 2070.92  gas IR i2
2292s N, IR i 2063.2s  Ar IR 17
3 OD deform. 1077.8ms Ar IR 1,6 3 CNO s-stretch 1254 gas IR 2,6
1093m N, IR 1 1218.5m Ar IR 17
4 C-O stretch 9494m  Ar IR 1,6 1 S DCN bend 162.7 gas IR 9
957m N: IR i 418.5wm Ar IR 17
5 OCN deform. 437wm N, IR 1

References

¢J. H. Teles, G. Maier, B. A. Hess, Jr., L. J. Schaad, M. Winnewisser,
and B. P. Winnewisser, Chem. Ber. 122, 753 (1989).
’J. N. Crowley and J. R. Sodeau, J. Phys. Chem. 93, 3100 (1989).

HCNO
A C,
To < 35053 gas AB® A-X 244-285 nm

Underlying absorption continuum, with increasing intensity at shorter
wavelengths.®
*

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Bend 345(5) gas AB 8
X C,.* Structure: MW,IRP®MO?Y
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CH stretch 3336.1 gas IR 1,10
3338 Ne IR 14
3317.2s  Ar IR 17
3311 N: IR 17
2 CNO a-stretch ~ 2195.8 gas IR 1,2,10
2200 Ne IR 14
2192.7vs  Ar IR 17
2200 N, IR 17
3 CNO s-stretch 1253.4 gas IR 1,2,10
1250 Ne IR 14
1244.1m  Ar IR 17
1232 N IR 17
IT 4 CNO bend 537.25 gas IR 1,2,9,16
539 Ne IR 14
5382w  Ar IR 17
536.9w
528 N, IR 17
5 HCN bend 224.11 gas IR 9,11
560 Ne IR 17
566.6m  Ar IR 17
582 N; IR 17

B; = 0.383 MWwW?**

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

B, = 0343 MW*IR’

*Quasilinear. See discussion in Refs. 13, 15, and 17.
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HONC
X G
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 3443.7vs Ar IR 1,2
2 NC stretch 2190.1wm Ar IR 1,2
3 HON bend 1232.4m Ar IR 1,2
4 NO stretch 628.4w Ar IR 1,2
5 ONC bend 3612w Ar IR 1,2
a” 6 Torsion 379.3w Ar IR 1,2
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DONC HONN+
X C, X
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 OD stretch 2545.2vs  Ar IR 1,2 1 OH stretch 333091 gas LD 1

2 NC stretch 2190.3wm Ar IR 1,2

3 DON bend 902.6m Ar IR 1,2 Ao = 20.88;, By, = 0.377; C, = 0370 LD'MW?3

4 NO stretch 623.1w Ar IR 1,2

5 ONC bend 3573w Ar IR 2
a” 6  ONC bend 3621w Ar IR 1,2 DONN*

X
Ao = 11.64; B, = 0.358; Cp = 0.347 MW3
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HOCO+*
X Cs Structure: MW?*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’' 1 OH stretch 3375.37 gas LD

OCO a-stretch
3 OCO s-stretch

~2300 gas PI
~1500  gas P1

-
(5]

Ao = 26350, B, = 0.359; C, = 0.354 MW SLD??

DOCOt
X C,
Ao = 14.44; B, = 0.339; C, = 0.331 MW*
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HOCS+
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 OH stretch 3435.16  gas LD 1

Ay = 26.11; By = 0.192; C, = 0.190 LD!
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HFCN
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CH stretch 3016 Ar IR 1
C=N stretch 1672s Ar IR 1
CF stretch 1057vs Ar IR 1
FCN bend 536m Ar IR 1
DFCN
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CD stretch 2252 Ar IR 1
C=N stretch 1651m Ar IR 1
CF stretch 1047vs Ar IR 1
FCN bend 530wm  Ar IR 1
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'R. D. Hunt and L. Andrews, Inorg. Chem. 26, 3051 (1987).

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990



1444 MARILYN E. JACOX

t-HOCO XA’ C, Structure: MW?>!L2
X C,
Vib. No. Approximate cm~t Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym.- type of mode meas.
sym. type of mode meas. @ 1  OHstretch 3590.7lm gas IR 4,5,8,16
17
a’' 1 OH stretch 3602.9 A IR 2
3456 cé) IR 1 3558 N IR 7
) C=0 stretch 1843.6 Ar IR ) 2 N=0O stretch 1699.76s gas IRLS 458,14
1833 coO 1R 1 1688.0 DL 16-18
3 HOC bend 1211.2 Ar IR 2 : Ar IR 10,20
1261 coO IR 1 1684 N, IR 7
4 C-O stretch 1064.6 Ar IR ) 3 HON bend 1263.21s gas IR,.DL 4,5,8,16
17,19
1077 CO IR 1 ’
5 0CO bend 615 co IR 1 1298 N IR 7
a” 6 Torsion 515 Ar IR » 4 O-N stretch 790.12s  gas IR 4,5,8,16
17
795.1 Ar IR 10,20
815 N, IR 7
t_Doco 5 ONO bend 595.6s gas IR 4,5,8,17
625 N, IR 7
X C, a” 6 Torsion 543.0m gas IR 4,5,8,17
550 Ar IR 10
Vib. No. Approximate  cm~'  Med. Type  Refs. 383 N, IR 7
sym. type of mod .
i P € meas Ao = 3.09% B, = 0418 Co = 0.367 MWO!LIs
a’ 1 OD stretch 2558 CO IR 1
C=0 stretch 1841.7 Ar IR 2
1825 CO IR 1 t-DONO
3 C-O stretch + 1092.6 Ar IR 2 X'A” C,
DOC bend - o
1117 CcO IR 1 Ty = 26050(10) gas AB?*¢ A-X 315-385 nm
5 OCO_ bend 610m co IR ! Diffuse bands; predissociated into OD + NO.
a” 6 Torsion 472wm  CO IR 1
Vib. No. Approximate cm™! Med. Type Refs.
References sym. type of mode meas.
ID, E. Milligan and M. E. Jacox, J. Chem. Phys. 54, 927 (1971). a NO stretch 1147Q0) gas  AB 6
M. E. Jacox, J. Chem. Phys. 88, 4598 (1988).
XA C,
t-HONO
B Vib. No. Approximate cm~! Med. Type Refs.
. sym. type of mode meas.
An intense, unstructured absorption between 200 and 275 nm, with a
maximum near 46500 (215 nm), has been attributed® to HONO. a’ 1 OD stretch 2651.13 gas IR 4,5,8,17
2620 N IR 7
A'a C, 2 N=0O stretch 1693.98  gas IR 4,5,8,17
L 1682 N, IR 7
To = 26034 gas AB¢ A-X 315-385 nm 3 DON bend 1012.68  gas IR 4,5,8,17
. . . . 1030 N; IR 7
Diffuse bands; predissociated into OH + NO. 4 O-N stretch 736.27 gas IR 4,5,3,17
769 N, IR 7
Vib. No. Approximate cm™! Med. Type Refs. 5 ONO bend 590.4 gas IR 45,817
sym. type of mode meas. 618 N, IR 7
a” 6 Torsion 416.1 gas IR 48,17
a’ NO stretch 1117 gas AB 6 444 N, IR 7

Ao = 2.981; By = 0.389; C, = 0.344 MW?!
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c-HONO
B

An intense, unstructured absorption between 200 and 275 nm, with a
maximum near 46500 (215 nm), has been attributed'* to HONO.

Aar C,
Tp = 26320 gas AB'-¢ A-X 315-385 nm

Diffuse bands; predissociated into OH + NO.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ NO stretch 1107 gas AB 6

X A C Structure: MW!o!

141(35) higher in energy than t-HONO (X). MW=

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 3426.22w gas IR 4,5,8,16
17
3412 Ar IR 9
3410 N, IR 7
2 N =0 stretch 1640.52m gas IR,LS 4,5,8,14
16
1632.6 Ar IR 9,19
1633 N, IR 7
3 HON bend 1261w gas IR 8
1263.3 Ar IR 9,19
4 O-N stretch 851.94s gas IR,DL 4,58
16-18
849.6 Ar IR 9,19
865 N, IR 7
5 ONO bend 609.0w  gas IR 8,17
608 Ar IR 9,19
a” 6 Torsion 638.5m gas IR 4,5,8,17
637 Ar IR 9,19
658 N, IR 7
A, = 2.805; B, = 0.439; Co = 0379 MW™IDL®

1445
c-DONO
AA" C,
gas AB*»? A-X 315-385 nm

Diffuse bands; predissociated into OD + NO.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 4 O-N stretch ~660 gas AB 6
xa C
Vib. No. Approximate cm™! Med. Type = Refs.
Sym. type of mode meas.
a’ 1 OD stretch 2525 gas IR 4,5,8
2518 N IR 7
2 N=0 stretch 1625 gas IR 5,8
1612 N, IR 7
3 DON bend 1008 gas IR 8
4 O-N stretch 813.50 gas IR 4,5,8,17
828 N IR 7
5 ONO bend 601 gas IR 8
a” 6 Torsion 508.2 gas IR 4,8,17
522 N: IR 7
Ao = 2.362; By, = 0430; C, = 0363 MWD
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5G. W. King and D. Moule, Can. J. Chem. 40, 2057 (1962).
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1392 (1966).
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1A P. Cox, A. H. Brittain, and D. J. Finnigan, Trans. Faraday Soc. 67,
2179 (1971).

D, J. Finnigan, A. P. Cox, A. H. Brittain, and J. G. Smith, J. Chem.
Soc., Faraday Trans. 2 68, 548 (1972).

2R, Varma and R. F. Curl, J. Phys. Chem. 80, 402 (1976).
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“M. Allegrini, J. W. C. Johns, A. R. W. McKellar, and P. Pinson, J.
Mol. Spectrosc. 79, 446 (1980).

15W. C. Bowman, F. C. DeLucia, and P. Helminger, J. Mol. Spectrosc.
88, 431 (1981).

6R. H. Kagann and A. G. Maki, J. Quant. Spectrosc. Radiat. Transfer
30, 37 (1983).

C. M. Deeley and 1. M. Mills, J. Mol. Struct. 100, 199 (1983).
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c-HOPO 6.7. Four-Atomic Nonhydrides
X G Cs
Vib. No. Approximate cm™! Med. Type Refs. X Do ?
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
a’ 1 OH stretch 3550.7 Ar IR 1 sym. type of mode meas.
2 P=0 stretch 1252.6 Ar IR 1
4 P-O stretch 841.5 Ar IR 1 1543.4 Ar IR 1
a” 6 Torsion §523.9 Ar IR 1
References
c-DOPO 'L. N. Shen and W. R. M. Graham, J. Chem. Phys. 91, 5115 (1989).
X C,
CNCN+ ®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. ¢ Cov
To = 26080(80 as PE!
a1  ODstretch 26204 Ar IR 1 ’ 60 8
P=Ostretch 12530 Ar IR 1 , ,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
References
710(40) gas PE 1
'R. Withnall and L. Andrews, J. Phys. Chem. 92, 4610 (1988).
B Cov
HCOBr T, = 12240(80) gas PE!
X C,
Vib. No. Approximate cm~! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym. type of mode meas.
sym. t of mod meas.
ym ype of mode 2075(40) gas  PE 1
@ 1 CH stretch 29125 gas IR 1 1160(40) gas  PE 1
2 CO stretch 1798.4*  gas IR 1
3 H deform. 1271.2°  gas IR 1 a
4  BrCO deform. 6460  gas IR 1 Cov
a” 6 OPLA 894vw gas IR 1 To = 310(80) gas PE!
Vib. No. Approximate cm™! Med. Type Refs.
DCOBr sym. type of mode meas.
X C, 2270(40) gas PE 1
1300(40) gas PE 1
. : -1
:/1::1 No. ?pzr::??:s:lee om Med. ;Zf:: Refs. *The molecule studied in Ref. 1 was at that time believed to be CNNC.
ym: P ) Subsequent infrared studies? demonstrated that it is CNCN.
a' 1 CD stretch 2207.1 gas IR 1
2 CO stretch 1748.6 gas IR 1 References
z grggoé‘:;.;)rm 2(7)22 g:: ii i 0. Grabandt, C. A. De Lange, R. Mooyman, T. van der Does, and F.
v 6 OPLA T e R | Bickelhaupt, Chem. Phys. Lett. 155, 221 (1989).
¢ & 2F. Stroh, B. P. Winnewisser, M. Winnewisser, H. P. Reisenauer, G.
“In Fermi resonance with 2v Maier, S. J. Goede, and F. Bickelhaupt, Chem. Phys. Lett. 160, 105
6+
*In Fermi resonance with 2v,. (1989).
‘In Fermi resonance with (v + vs).
References B20:
X D.n Structure: MO,PE?
'P. D. Maker, H. Niki, L. P. Breitenbach, and C. M. Savage, 39th
Symposium on Molecular Spectroscopy, Columbus, Ohio, June 1984. Vib. No. Approximate om-" Med. Type Refs.
sym. type of mode meas.
F 3 ¢+ BO stretch 1897.8 Ar IR 1,2
IT, 5 Bend 213 Ar IR 1,2
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’B. M. Ruscic, L. A. Curtiss, and J. Berkowitz, J. Chem. Phys. 80, 3962
(1984).

CNCN
X Cv Structure: MW*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
=+ 1 C=N s-stretch  2302.00 gas IR 1
2294.4 Ar IR 2
2 C=N a-stretch  2059.73  gas IR 1
2053.7 Ar IR 2
3 N-C stretch 975* gas IR 1
979.2 Ar IR 2
In 4 Bend 463.5° gas IR 2
468.5 Ar IR 2
467.2
5 Bend 194.75 gas IR 1
~200° Ar IR 1
By, = 0.173 IRVMWL#
*Preliminary value.
*From combination bands.
References

IF. Stroh and M. Winnewisser, Chem. Phys. Lett. 155, 21 (1989).

°F. Stroh, B. P. Winnewisser, M. Winnewisser, H. P. Reisenauer, G.
Maier, S. J. Goede, and F. Bickelhaupt, Chem. Phys. Lett. 160, 105
(1989); Chem. Phys. Lett. 162, 253 (1989).

K. M. T. Yamada, M. W. Markus, G. Winnewisser, W. Joentgen, R.
Kock, E. Voegl, and H.-J. Altenbach, Chem. Phys. Lett. 160, 113
(1989).

‘M. C. L. Gerry, F. Stroh, and M. Winnewisser, J. Mol. Spectrosc.
140, 147 (1990).

CNNC
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1996.4*  Ar IR 1

*Tentative assignment.
References
IF. Stroh, B. P. Winnewisser, M. Winnewisser, H. P. Reisenauer, G.

Maier, S. J. Goede, and F. Bickelhaupt, Chem. Phys. Lett. 160, 105
(1989); Chem. Phys. Lett. 162, 253 (1989).
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CCCO
X

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
z 1 2243s Ar IR 1,2

2 1907w Ar IR 2
1 4 580w Ar IR 2

References

R. L. DeKock and W. Weltner, Jr., J. Am. Chem. Soc. 93, 7106
(1971).

2R. D. Brown, D. E. Pullin, E. H. N. Rice, and M. Rodler, J. Am.
Chem. Soc. 107, 7877 (1985).

t-OCCO+
B

gas PD? B_X270-330 nm
Superposed on continuum.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ay 475(20) gas PD 2

X B, Ca Structure: ESR,MO!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ag 1 CO s-stretch ~ ~2076* Ne IR 4

526(30)* gas PD 2

by 5 CO a-stretch 2056.6 Ne IR 3,4

*Calculated using observed values for asymmetrically substituted spe-
cies.
"Tentative assignment.

References

'L. B. Knight, Jr,, J. Steadman, P. K. Miller, D. E. Bowman, E. R.
Davidson, and D. Feller, J. Chem. Phys. 80, 4593 (1984).

%S. C. Ostrander, L. Sanders, and J. C. Weisshaar, J. Chem. Phys. 84,
529 (1986).

M. E. Jacox and W. E. Thompson, Res. Chem. Intermed. 12, 33
(1989).

*W. E. Thompson and M. E. Jacox, (unpublished data).

N#
AB

A broad, unstructured absorption'=> between 270 and 650 nm, with a
maximum near 330 nm, leads to the formation of N3 + N,. Detection
of the fluorescence of N4 (B) at the higher energies in this range
suggests that the potential energy surface for a bound excited state of
N7 which correlates with N3 (B) has an avoided crossing with the
surface for the dissociative 4 state.’
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X%z, D.n Structure: ESR,MO*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 N=N s-stretch ~2283* Ne IR 6
2% 3 N=N a-stretch  2237.6 Ne IR 5,6

*Calculated using observed values for asymmetrically *N-substituted
species.

References

!G. P. Smith and L. C. Lee, J. Chem. Phys. 69, 5393 (1978).

M. F. Jarrold, A. J. Illies, and M. T. Bowers, J. Chem. Phys. 81, 214
(1984).

38. C. Ostrander and J. C. Weisshaar, Chem. Phys. Lett. 129, 220
(1986).

L. B. Knight, Jr., K. D. Johannessen, D. C. Cobranchi, E. A. Earl, D.
Feller, and E. R. Davidson, J. Chem. Phys. 87, 885 (1987).

M. E. Jacox and W. E. Thompson, Res. Chem. Intermed. 12, 33
(1989).

‘W. E. Thompson and M. E. Jacox, J. Chem. Phys. 93, 3856 (1990).

P3

B4, Ty

To* = 21860(500) gas PE'?

22936(5) Ar AB? B-X 398-436 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 540(40) gas PE 1,2
550(10) Ar AB
AT, T,

T = 8880(800) gas PE'

A weak, broad absorption maximum observed® in an argon matrix at
9570 has been tentatively assigned to the A-X transition of P{.

Jahn-Teller splitting ~ 1130 gas PE'?
XE® Ty
Jahn-Teller splitting ~ 2820 gas PE!?

“The first ionization potential of Py is taken as 9.10(5) eV, as in Ref. 2.
T, values are given with respect to onset of the transition.
YRef. 2 reverses the assignment of these two bands.

References

3. Andrews and Z. Mielke, J. Phys. Chem. 94, 2348 (1990).
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Si202

X D2h

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

b 4 Deformation 79 Ar IR 2

b 5 SiO stretch 809.5 Ne IR 2
803.2 Ar IR 1-3
804.7 N, IR 1

b, 6 SiO stretch 766.7 Ne IR 2
768.2 Ar IR 1-3
766.3 N, IR 1

References

'J. S. Anderson and J. S. Ogden, J. Chem. Phys. 51, 4189 (1969).
2. W. Hastie, R. H. Hauge, and J. L. Margrave, Inorg. Chim. Acta 3,
601 (1969).

H. Schnéckel, T. Mehner, H. S. Plitt, and S. Schunck, J. Am. Chem.
Soc. 111, 4578 (1989).

Ge:20:
X D2h

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

bay 5 GeO stretch 666 Ar IR 1
667 N: IR 1

By 6 GeO stretch 601 Ar IR 1
599 N, IR 1

References

'J. S. Ogden and M. J. Ricks, J. Chem. Phys. 52, 352 (1970).

Sb,

X Ty

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a 1 242.1(5) Ne Ra 1,2
241.5(3) Ar Ra 2
239.6(3) Kr Ra 2

e 2 137.1(3) Ar Ra 2
135.8(3) Kr Ra 2

t 3 179.1(5) Ne Ra 1,2
178.5(3) Ar Ra 2
177.1(3) Kr Ra 2

References

V. E. Bondybey, G. P. Schwartz, and J. E. Griffiths, J. Mol. Spec-
trosc. 89, 328 (1981).
2H. Sontag and R. Weber, Chem. Phys. 70, 23 (1982).
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Bis
B Ty
T, = 15312 Ne LF! B_% 600-710 nm
15250 Ar LF' B-X 600-670 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 1 129.1 Ne LF 1
131 Ar LF 1
e 2 82.4 Ne LF 1
t 3 104.9 Ne LF 1

7< 20ns Ne LF!

A weak emission band system with origin at 13424 which terminates in
Bi; (X) was observed by Ref. 4 in neon matrix studies of the laser
excitation of Big (B).

A Ts
To = 12535 Ne ABLF? A-X 725-765 nm
12396 Ar LF! A-X 740-765 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 123 Ar LF 1
7 ~15us Ne LF!
X Ty
Vib. No. Approximate cm! Med. Type Refs.
sym. type of mode meas.
a; 1 149.7 Ne LF 1
151 Ar LF,Ra 1,4
152 Kr Ra 3
e 2 89.8 Ne LF 1
B 3 120.4 Ne LF 1
References

V. E. Bondybey and J. H. English, J. Chem. Phys. 73, 42 (1980).

2V. E. Bondybey, G. P. Schwartz, J. E. Griffiths, and J. H. English,
Chem. Phys. Lett. 76, 30 (1980).

3K. Manzel, U. Engelhardt, H. Abe, W. Schulze, and F. W. Froben,
Chem. Phys. Lett. 77, 514 (1981).

“B. Eberle, H. Sontag, and R. Weber, Chem. Phys. 92, 417 (1985).

t-OCCO~
In solid neon, threshold for electron detachment < 18000.'?
X Con
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 3 Bend 524¢ Ne IR
b, 5 CO a-stretch 1517.7 Ne IR 1,2

* (v; + vs) — vs. Tentative assignment of combination band.
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References
M. E. Jacox and W. E. Thompson, Res. Chem. Intermed. 12, 33
(1989).
>W. E. Thompson and M. E. Jacox, (unpublished data).
FN3
E C
T* = 58000(1050) gas PE!
bza’ C,
T* = 45670(480) gas PE!
c2A" C,
T® = 39450(1050) gas PE!
B C,
T® = 37030(1050) gas PE!
Az C,
T* = 21860(480) gas PE!

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a' 1 N; a-stretch ~ 1800 gas PE 1
X" C,

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 2 N3 s-stretch ~ 800 gas PE 1

2From vertical ionization potentials.
References

'P. Rademacher, A. J. Bittner, G. Schatte, and H. Willner, Chem. Ber.
121, 555 (1988).
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c-(NO)2 CqF:
X Cyy Structure: MW’ X D.n
Vib. No. Approximate cm~! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 1 NO s-stretch 1868.25 gas IR,DL 3,11 POy 3 CF stretch 1149 gas IR 1
1867.2 Ne IR 12 1341* Ar IR 2
1866m Ar IR 1
1870 N, IR 2 “Tentative value. Further experimental studies are needed to resolve
1862m CO, IR,Ra 1,6 this conflicting assignment.
1866 NO IR,Ra 4,5,8
2 N..N stretch 262 CO; Ra 6 References
266 NO IRRa 4,58
3 NNO s-bend 161 CO, Ra 6,8 'J. Heicklen and V. Knight, J. Phys. Chem. 69, 2484 (1965).
187 NO Ra 45,8 2J. C. Brahms and W. P, Dailey, J. Am. Chem. Soc. 111, 8940 (1989).
ax 4 Torsion 88.2° gas IR 9
97 NO IRRa 4,58
b, 5 NOastretch 1789 gas  IRDL 39,10 FNCO
11
17806 Ne IR 12 X G
1778.7
1776s Ar IR 1 Vib. No. Approximate cm~! Med. Type Refs.
1785 N, IR 2 sym. type of mode meas.
1768s CO, IR 1
1762 NO IRRRa 5,8 a’ 1 NCO a-stretch ~ 2177s Ar IR 1
6 NNO a-bend 202 CO, Ra 6,8 2167s
214 NO Ra 4,5,8 3 NF stretch 861s Ar IR 1
4 NCO deform. 695wm  Ar IR 1
Ao = 0.862; By = 0.187; C, = 0.154 MW’ 5 FNC deform. 529m Ar IR 1
. a” 6 NCO deform. 646wm  Ar IR 1
*From observation of vs — v; = 1700.8 cm~.
References References

'W. G. Fateley, H. A. Bent, and B. Crawford, Jr., J. Chem. Phys. 31,
204 (1959).

2W. A. Guillory and C. E. Hunter, J. Chem. Phys. 50, 3516 (1969).

3C. E. Dinerman and G. E. Ewing, J. Chem. Phys. 53, 626 (1970).

*J. R. Durig and M. G. Griffin, J. Raman Spectrosc. 5, 273 (1976).

A. Anderson and B. Lassier-Govers, Chem. Phys. Lett. 50, 124 (1977).

¢J. R. Ohlsen and J. Laane, J. Am. Chem. Soc. 100, 6948 (1978).

"C. M. Western, P. R. R. Langridge-Smith, B. J. Howard, and S. E.
Novick, Mol. Phys. 44, 145 (1981).

’E. M. Nour, L.-H. Chen, M. M. Strube, and J. Laane, J. Phys. Chem.
88, 756 (1984).

V. Menoux, R. Le Doucen, C. Haeusler, and J. C. Deroche, Can. J.
Phys. 62, 322 (1984).

°ph. Brechignac, S. De Benedictis, N. Halberstadt, B. J. Whitaker, and
S. Auvrillier, J. Chem. Phys. 83, 2064 (1985).

1y, Matsumoto, Y. Ohshima, and M. Takami, J. Chem. Phys. 92, 937
(1990).

2M. E. Jacox and W. E. Thompson, J. Chem. Phys. 93, (Dec. 1990).

(PO):2
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
PO stretch 1155.0 Ar IR 1

References

'Z. Mielke, M. McCluskey, and L. Andrews, Chem. Phys. Lett. 165,
146 (1990).

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

K. Gholivand, H. Willner, D. Bielefeldt, and A. Haas, Z. Naturforsch.
39B, 1211 (1984).

CINCO
X C, Structure: MW?3*

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 1 NCO a-stretch 2212.2vs  gas IR 1,2,5
2 NCO s-stretch 1306.6w  gas IR 1,2,5
3 707.7wm gas IR 1,2,5
4 607.7vw  gas IR 5

a” 6 NCO bend 559.0wm gas IR 1,2,5

Ao = 1.720; B, = 0.104; C, = 0.098 MW

References

!E. Nachbaur and W. Gottardi, Montash. Chem. 97, 115 (1966).

2H. H. Eysel and E. Nachbaur, Z. Anorg. Allg. Chem. 381, 71 (1971).

3W. H. Hocking and M. C. L. Gerry, J. Mol. Spectrosc. 42, 547 (1972).

“W. H. Hocking, M. L. Williams, and M. C. L. Gerry, J. Mol. Spec-
trosc. 58, 250 (1975).

’T. C. DeVore, J. Mol. Struct. 162, 287 (1987).
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BrNCO

In the gas phase, an absorption maximum has been observed at 292

nm.!
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References

'R. J. Richards, R. W. Davis, and M. C. L. Gerry, J. Chem. Soc.,
Chem. Commun. 915 (1980).
T. C. DeVore, J. Mol. Struct. 162, 287 (1987).

X C, Structure: MWZIR?
Vib. No. Approximate cm~! Med. Type Refs. BrSCN
sym. type of mode meas.
X
a’ 1 NCO a-stretch 2198.0vs gas IR 1,4,5
2196 Ne IR 5 Vib. No. Approximate cm™! Med. Type Refs.
21919 Ar IR 3 sym type of mode meas
2 NCOsstretch  12945w gas IR 1,4,5 ym. yP :
}iggz I:: g: : 1 CN stretch 2145.1wm gas IR 1
3 NCO bend 687 7 s IR 145 2 CS stretch 674.2ms gas IR 1
© W B Y 3 BrS stretch 455.8m  gas IR 1
691.1 Ne IR 5
686.6 Ar IR 5
NBr stretch 506.0vw Ne IR 5
5 BrNC bend 1374w  Ne IR 5 References
a” 6 NCO bend 569.9w gas IR 1,4,5 .
572.2 Ne IR 5 T. C. DeVore, J. Mol. Struct. 162, 287 (1987).
563.1 Ar IR 5
Ao = 1.374, By = 0073; C, = 0.060 MW?3 ISCN
References o
'W. Gottardi, Monatsh. Chem. 103, 1150 (1972). Vib. No. Approximate cm™! Med. Type Refs.
’H. M. Jemson, W. Lewis-Bevan, N. P. C. Westwood, and M. C. L. sym. type of mode meas.
Gerry, Chem. Phys. Lett. 108, 496 (1984).
*H. M. Jemson, W. Lewis-Bevan, N. P. C. Westwood, and M. C. L. 1 CN stretch 2124.2vs gas IR i
Gerry, J. Mol. Spectrosc. 118, 481 (1986). CS stretch 668.0wm gas IR 1
*T. C. DeVore, J. Mol. Struct. 162, 287 (1987).
M. Gerke, G. Schatte, and H. Willner, J. Mol. Spectrosc. 135, 359
(1989). References
IT. C. DeVore, J. Mol. Struct. 162, 287 (1987).
INCO
X C, Structure: MW! CICNO
Vib. No. Approximate cm™! Med. Type Refs. X
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
2201.1vs gas IR 2 sym. type of mode meas.
1298.1w  gas IR 2
667.0w  gas IR 2 CNO a-stretch ~ 2281.4 Ar IR 1
462.3vw gas IR 2 2261.7
5833w gas IR 2 CNO s-stretch 1326.3 Ar IR 1
Ao = 1.354; B, = 0.057; 0.055 MW!
References

References

'H. M. Jemson, W. Lewis-Bevan, N. P. C. Westwood, and M. C. L.
Gerry, J. Mol. Spectrosc. 119, 22 (1986).
2T. C. DeVore, J. Mol. Struct. 162, 287 (1987).

CISCN
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CN stretch 2170w gas IR 2
2 CS stretch 678.9wm gas IR 2
3 SCl stretch 533.6wm gas IR 2

Ay = 0.404; B, = 0.097; C, = 0078 MW!

'G. Maier and J. H. Teles, Angew Chem. 99, 152 (1987); Angew.
Chem. Int. Ed. Engl. 26, 155 (1987).
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BrCNO
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
CNO a-stretch  2271.3 Ar IR 1
2252.5
CNO s-stretch 1305.6 Ar IR 1
References

!G. Maier and J. H. Teles, Angew Chem. 99, 152 (1987); Angew.
Chem. Int. Ed. Engl. 26, 155 (1987).

BCI3
D 2E' Dsp
Ty = 29700(320) gas PE!

A shoulder 1450(160) above the band maximum may result from spin-
orbit coupling or from the Jahn-Teller effect.

Emission which is observed between 330 and 420 nm on excitation of
BCl; by radiation of wavelength shorter than 81 nm has been at-
tributed to the D-X transition of BCl3$, and emission between 420 and
580 nm, with vibrational spacings of ~445, has been attributed to the
D-A4,B transitions of this species.?

A broad absorption with maximum at 320 nm (31200) which appears
on argon-resonance photolysis of BCl; isolated in an argon matrix and
which can be destroyed by prolonged exposure of the sample to 340~
600 nm radiation has been assigned? to the D-X transition of BCl3.

C?A; Dy
To = 20800(320) gas PE'
Emission which is observed between 400 and 550 nm on excitation of
BCl; by radiation of wavelength shorter than 88 nm has been at-

tributed to the C-¥ transition of BC13, and emission between 550 and
750 nm has been attributed to the C-4 transition of this species.’

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
al 1 BCl stretch 440(30)  gas PE 1

References

L. C. Leg, 1. C. Han, and M. Suto, J. Chem. Phys. 91, 2036 (1989).

NO;
X244 Di Structure: DL
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 1050 gas LF 8,9
a; 2 OPLA 762.33 gas IR 12
e’ 3 NO stretch® 1492.39  gas LF,DL §9,11
IR 12
4 Deformation 360 gas LF 89

B, = 0459 DL'"PIR?
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*Arguments of Ref. 3 suggest that NO; should have a very low-lying
A’E" state. Ref. 12 presents experimental evidence consistent with
the presence of such a state. Ref. 13 has suggested that the 1492 cm™!
absorption may possibly be contributed by the 4 state.

References
BK. Kawaguchi, E. Hirota, T. Ishiwata, and I. Tanaka, J. Chem. Phys.
93, 951 (1990).

PO;
BE * Dy,

To = 14378 Ar AB? A-X 589-696 nm

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
ai 1 PO; s-stretch 913(10) Ar IR 2
e’ 4 Deformation 525(10) Ar IR 2
X Dsy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 480.3 Ar IR 1
e’ 3 PO stretch 1273.3 Ar IR 1
4 Deformation 4352 Ar IR 1

*Tentative assignment, by analogy with NO;.
References

'R. Withnall and L. Andrews, J. Phys. Chem. 92, 4610 (1988).
’R. Withnall, M. McCluskey, and L. Andrews, J. Phys. Chem. 93, 126
(1989).

t-0%

In the gas phase, the high frequency tail of a photo dissociation contin-
uum, resulting in the formation of O + O,, has been observed'?
between 450 and 680 nm.

X Con
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ag 1 O=0 s-stretch  1644.1* Ne IR 4
1320.3°* Ne IR 4
b, 5 0=0 a-stretch  1164.4 Ne IR 4

a(VI + VS) B us. . I . .

Tn a neon matrix, almost as intense as vs, and with very similar isotopic
shift pattern. Probably results from interaction of vs with combination
bands of B, symmetry.

References

IR. A. Beyer and J. A. Vanderhoff, J. Chem. Phys. 65, 2313 (1976).

M. L. Vestal and G. H. Mauclaire, J. Chem. Phys. 67, 3767 (1977).

3G. P. Smith, P. C. Cosby, and J. T. Moseley, J. Chem. Phys. 67, 3767
(1977).

“W. E. Thompson and M. E. Jacox, J. Chem. Phys. 91, 3826 (1989).
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F2.GeO PO.Cl
X’ sz X C2v
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a 1 GeO stretch 989.9 Ar IR 1 a 1 PO, s-stretch 1122 Ar IR 1
2 GeF s-stretch 731.7 Ar IR 1 PCl stretch 586 Ar IR 1
b 4 OPLA 209.4 Ar IR 1 by 5 PO, a-stretch 1429 Ar IR 1
b, 5 GeF a-stretch 746.7 Ar IR 1
6 FGeO bend 226.9 Ar IR 1
References
References 'R. Ahlrichs, C. Ehrhard, M. Lakenbrink, S. Schunck, and H.

'H. Schnockel, J. Mol. Struct. 70, 183 (1981).

CIONO
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’' N =0 stretch 1714.0 gas IR 2
1714s Ar IR 1
1717 N, IR 3
ClO stretch 856m Ar IR 1
ONO bend 390ms Ar IR 1
a” Torsion 398m Ar IR 1

References

'D. E. Tevault and R. R. Smardzewski, J. Chem. Phys. 67, 3777 (1977).

24, Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Chem.
Phys. Lett. 59, 78 (1978).

3]. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chem. 92,
4340 (1988).

BrNO:
X C2V
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 1 NO, s-stretch 1292 gas IR 3
1289s Ar IR 1,2
2 NO,; deform. 787 gas IR 3
784s* Ar IR 2
3 NBr stretch 496m Ar IR 1
b 4 OPLA 574s Ar IR 2
by 5 NO; a-stretch  ~ 1660 gas IR 3
1660m* Ar IR 2
6 NO; wag 402w° Ar IR 2

“Partially obscured by nearby N,O; absorption.
®This fundamental assigned to a moderately intense 360-cm~' absorp-
tion by Ref. 1.

References

M. Feuerhahn, R. Minkwitz, and U. Engelhardt, J. Mol. Spectrosc.
71, 429 (1979).

D, E. Tevault, J. Phys. Chem. 83, 2217 (1979).

3B. J. Finlayson-Pitts, F. E. Livingston, and H. N. Berko, J. Phys.
Chem. 93, 4397 (1989).

Schnéckel, J. Am. Chem. Soc. 108, 3596 (1986).

Se0s;
X Di Structure: Ra'

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 2 Deform. 356 Ar IR 2
358 N, IR 2

e’ 3 SeO stretch 9952 Ar IR 2
1005.5% N, IR 2

a SOSe.

References

IN. J. Brassington, H. G. M. Edwards, D. A. Long, and M. Skinner, J.
Raman Spectrosc. 7, 158 (1978).
2A. K. Brisdon and J. S. Ogden, J. Mol. Struct. 157, 141 (1987).

CF2Cli

3p Rydberg state C,,
To < 49220 gas MPI®

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
b, 4 OPLA 745(25) gas MPI 3
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CF stretch 1148vs Ar IR 1,2
2 CCl stretch 761s Ar IR 1,2
3 CF,; scissors 599m Ar IR 1,2
a” 5 CF stretch 1208vs Ar IR 1,2

References

D. E. Milligan, M. E. Jacox, J. H. McAuley, and C. E. Smith, J. Mol.
Spectrosc. 45, 377 (1973).

2F, T. Prochaska and L. Andrews, J. Chem. Phys. 68, 5577 (1978).

3B. P. Tsai, R. D. Johnson, III, and J. W. Hudgens, J. Phys. Chem. 93,
5334 (1989).
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CFCl2

3p Rydberg state C,,
To < 49850 gas MPI®

MARILYN E. JACOX

G ’E’ (3d)* Ds,
T, = 51218(10) gas MPP

Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
a7 2 OPLA 520(17) gas MPI 9
a 3 CCl,; scissors 270(30) gas MPI 3
I 4 OPLA 590(20) gas MPI 3
F?A; (3p) Dy,
X G, T, = 47868(10) gas MPI°
. - 1
Vib.  No. Approximate cm Med.  Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 CF stretch 1143vs Ar IR 1,2 .
CCl stretch 747m  Ar IR 12 @ 2 OFLA 5283)  gas  MPL 9
a” 5 CCl stretch 919vs Ar IR 1,2

References

'D. E. Milligan, M. E. Jacox, J. H. McAuley, and C. E. Smith, J. Mol.
Spectrosc. 45, 377 (1973).

2F. T. Prochaska and L. Andrews, J. Chem. Phys. 68, 5568 (1978).

3B. P. Tsai, R. D. Johnson, III, and J. W. Hudgens, J. Phys. Chem. 93,
5334 (1989).

CCl;
M ZE' (4d)* Dy,
T, = 57733(10) gas MPP

E’E’' (3p) Dy
T, = 47170(10) gas MPP

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 Sym. stretch 544(6) gas MPI 9

a; 2 OPLA 509(21)  gas MPI 9

A = 33(5) gas MPP

An unstructured gas-phase absorption between 195 and 260 nm, with a
maximum at 211(2) nm, has been assigned® to CCl,.

A broad emission observed in radiofrequency discharges between 420
and 700 nm, with a maximum near 490 nm, has been attributed’ to a

Vib. No. Approximate cm™! Med. Type Refs. ™ . !
sym. type of mode meas. transition between two electronically excited states of CCls.
2 . 5

@ 2 OPLA 542(3) gas MPI 9 XA, Ciy Structure: ESR

Vib. No. Approximate cm™! Med. Type Refs.

L2A% (4p) D sym. type of mode meas.
To = 56409(10) gas MPI @ 2  Umbrella 290 gas MPI 9
251

Vib. No. Approximate cm™! Med. Type Refs. e 3 CCl stretch 898vs Ar IR 1-4,6
sym. type of mode meas.

*Tentative symmetry assignment.
ay’ 2 OPLA 533(15) gas MPI 9 *Inversion doublet. Barrier to inversion = 460(40) gas MPI’

K?E' (4p) Dy
Ty — 56236(10) gas MPT®

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a;y 2 OPLA 526(16) gas MPI 9

J?A}(4s) Dy
T, = 53471(10) gas MPP

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 530(20) gas MPI 9

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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SiF;

Unstructured emission bands between 350 and 800 nm and between 290
and 340 nm which appear with varying relative intensities on photoex-
citation of SiF, by radiation at 99.1, 95.5, or 92.2 nm have been at-
tributed® to SiF;. A third emission band, between 240 and 280 nm,
becomes more prominent at higher excitation energies. This latter band
occurs in the same spectral region as the 210-260 nm emission band
system observed in a discharge through SiF,. Although that band sys-
tem was initially assigned® to SiFs, subsequent studies* have demon-
strated that it is entirely contributed by SiF,.

X C3v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 SiF stretch 832s Ar IR 1
2 Umbrella 406s Ar IR 1
e 3 SiF stretch 954vs Ar IR 1
4 Deformation 290wm  Ar IR 1

References

'D. E. Milligan, M. E. Jacox, and W. A. Guillory, J. Chem. Phys. 49,
5330 (1968).

7J. L.-F. Wang, C. N. Krishnan, and J. L. Margrave, J. Mol. Spectrosc.
48, 346 (1973).

3M. Suto, J. C. Han, L. C. Lee, and T. J. Chuang, J. Chem. Phys. 90,
2834 (1989).

*W. B. Griffith, Jr., and C. W. Mathews, private communication.

GeCls
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
e 3 GeCl; stretch 420 Ar IR 1

References

3. H. Miller and L. Andrews, J. Mol. Struct. 77, 65 (1981).

OPCI:
X C,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
P=0O stretch 13007 Ar IR 1
PCl, a-stretch 621* Ar IR 1

*Tentative assignment.
References

'B. W. Moores and L. Andrews, J. Phys. Chem. 93, 1902 (1989).

1455
OPBr:
X C
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
558 Ar IR 1
*Tentative assignment.
References

'B. W. Moores and L. Andrews, J. Phys. Chem. 93, 1902 (1989).

t-0O3

An unstructured absorption which appears near 270 nm in Ar:O, sam-
ples in which an alkali metal is also present and which grows on con-
trolled warmup of the sample has been attributed’ to M*O7.

Threshold for photodestruction near 900 nm, and increasing cross sec-
tion for photodestruction, probably by photodetachment, in the 8§50-
400 nm spectral region.® Photoelectron studies’ suggest that both
photodetachment and photodissociation occur at 532 and 355 nm.

X Con Structure: MO!
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
ag 1 O=0 stretch 1292¢ Ar IR 10
0.0 stretch 287" Ar Ra 6
298° Ar Ra 6
305° Ar Ra 5
by 5 O=0 a-stretch  973.1 Ne IR 11
1001* Ar IR 4
9920 Ar IR 3
993° Ar IR 3,10
1001¢ Ar IR 2,4
991
6 Asym. bend 131 Ar IR 10
2Cs™ present.
"Rb* present.
°K* present.
9Na* present.
References

'D. C. Conway, J. Chem. Phys. 50, 3864 (1969).

21.. Andrews, J. Phys. Chem. 73, 3922 (1969).

L. Andrews, J. Chem. Phys. 54, 4935 (1971).

“M. E. Jacox and D. E. Milligan, Chem. Phys. Lett. 14, 518 (1972).

R. R. Smardzewski and L. Andrews, J. Chem. Phys. 57, 1327 (1972).

SR. R. Smardzewski and L. Andrews, J. Phys. Chem. 77, 801 (1973).

L. Andrews, J. Mol. Spectrosc. 61, 337 (1976).

8. C. Lee and G. P. Smith, J. Chem. Phys. 70, 1727 (1979).

L. A. Posey, M. J. Deluca, and M. A. Johnson, Chem. Phys. Lett. 131,
170 (1986).

107, Manceron, A.-M. Le Quéré, and J.-P. Perchard, J. Phys. Chem.
93, 2960 (1989).

tyy, E. Thompson and M. E. Jacox, J. Chem. Phys. 91, 3826 (1989).
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SO3
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
S=0 stretch 1191* Ar IR 1
S-O stretch 1093® Ar IR 1
1091*
S-O stretch 965° Ar IR 1
585* Ar IR 1
504* Ar IR 1
47472 Ar IR 1

*Cs* trapped in adjacent site.
References

'D. M. Stanbury, T. A Holme, Z. H. Kafafi, and J. L. Margrave,
Chem. Phys. Lett. 129, 181 (1986).

CloOCl

An unstructured gas-phase absorption with maximum at 40800 (245
nm) has been assigned'* to CIOOCI.

X C, Structure: MW?3

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.
750 gas IR 4
752.6 Ar IR 2
653 gas IR 4
649.8 Ar IR 2
647.6

Ay = 0.437; B, = 0.080; C, = 0.071 MW?

References

'R. A. Cox and G. D. Hayman, Nature 332, 796 (1988).

’B.-M. Cheng and Y.-P. Lee, J. Chem. Phys. 90, 5930 (1989).

M. Birk, R. R. Fried], E. A. Cohen, H. M. Pickett, and S. P. Sander,
J. Chem. Phys. 91, 6588 (1989).

*J. B. Burkholder, J. J. Orlando, and C. J. Howard, J. Phys. Chem. 94,
687 (1990).

0O:2ICl
X Cay
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 10 s-stretch 844.7 Ar IR 1
845.5 Kr IR 1
852.2 N, IR 1
2 10, scissors 421.1 Ar IR 1
3 ICl stretch 330.5 Ar IR 1
327.5 Kr IR 1
3319 N, IR 1
by 5 10 a-stretch 886.5 Ar IR 1
879.5
883.5 Kr IR 1
879.6
883.7 N: IR 1
879.7

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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References

M. Hawkins, L. Andrews, A. J. Downs, and D. J. Drury, J. Am.
Chem. Soc. 106, 3076 (1984).

6.8. Ht and Five-Atomic Tetra- and Trihydrides

Hi
X C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 H-H stretch 3910 gas vp? 1
2 Ring s-stretch 3532 gas VP 1

*Vibrational predissociation of mass-selected beam.
References

M. Okumura, L. I. Yeh, and Y. T. Lee, J. Chem. Phys. 83, 3705 (1985).

SiH3%

X b C, Structure: MOQ?>%¢
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.

760(10)  gas PE,P1 1,2,4

References

M. N. Paddon-Row and S. S. Wong, J. Chem. Soc., Chem. Commun.
1585 (1987).
R. F. Frey and E. R. Davidson, J. Chem. Phys. 89, 4227 (1988).

NH3%
X Ty Structure: LDMCC?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
t 3 NH stretch 3343.14  gas LD,CC 1-3
4 Deformation 144722  gas DL 5
By = 5.929 LDY“CC?
ND3
X Ty
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
t 3 ND stretch 2495.0 gas LD 4

By, = 2.979(3) LD*
References
M. Crofton and T. Oka, J. Chem. Phys. 79, 3157 (1983).

2E. Schaeffer, M. H. Begemann, C. S. Gudeman, and R. J. Saykally, J.
Chem. Phys. 79, 3159 (1983).



’E. Schafer, R. J. Saykally, and A. G. Robiette, J. Chem. Phys. 80,
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3969 (1984).
*M. W. Crofton and T. Oka, J. Chem. Phys. 86, 5983 (1987).

M. Polak, M. Gruebele, B. W. DeKock, and R. J. Saykally, Mol.

Phys. 66, 1193 (1989).

References
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P. J. Young, R. K. Gosavi, J. Connor, O. P. Strausz, and H. E. Gun-
ning, J. Chem. Phys. 58, 5280 (1973).

CdCH3
CaCHj3;
2,
Ba, Cyy B’ Co
- o To = 34916 B! B-X
T, = 16003(10) gas LF' B-X 620-630 nm ° gas A 264-287 nm
A‘’E Csv Vib. No. Approximate cm™! Med. Type Refs.
o sym. type of mode meas.
To = 14743.174* gas LF"? A-X 630-730 nm
a 2 CH; deform. ~960 gas AB 1
Vib. No. Approximate cm™! Med. Type Refs. 3 CdC stretch ~360 gas AB 1
sym. type of mode meas.
@ 2 CH;umbrella  1048(10) gas LF 1 A’E Ca
3 CaC stretch 413(10)  gas LF 1 T. . -
= 22507 AB A-X -
e 6 CaCHdeform. 391(5° gas LF 1 0 gas 400-445 nm
A =7313 gas LF“ Vib. No. Approximate cm™! Med. Type Refs.
Ao = 5.384; B, = 0254 LP? sym. type of mode meas.
X2A1 C3v Structure: LF2 a 2 CH3 deform. ~ 1000 gas AB 1
3 CdC stretch ~400 gas AB 1
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas. References
@ 2 CH, umbrella 1085(10) ~ gas LF 1 !P. J. Young, R. K. Gosavi, J. Connor, O. P. Strausz, and H. E. Gun-
3 CaC stretch 419(10)  gas  LF 1 ning, J. Chem. Phys. 58, 5280 (1973).
e 6 CaCH deform.  319(5)° gas LF 1
_ . - 2
Ao = 5.448; B, = 0252 LF HFeNH2
*Predissociated above ~ 16200.! X
® 1(2ve).
References Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
!C. R. Brazier and P. F. Bernath, J. Chem. Phys. 86, 5918 (1987).
2C. R. Brazier and P. F. Bernath, J. Chem. Phys. 91, 4548 (1989). NH stretch 3381 Ar IR 1
FeH stretch 1717.4 Ar IR 1
NH, bend 1517.8 Ar IR 1
ZnCH FeN stretch 649.8 Ar IR 1
3 FeNH bend 536.8 Ar IR 1
BE Csy
To = 36510 gas AB! B-X 260-274 nm
DFeND:
Vib. No. Approximate cm™! Med. Type Refs. X
sym. type of mode meas.
- ; 41
@ ) CH; deform. ~950 gas AB 1 Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas.
2 FeD stretch 1236.4 Ar IR 1
AE o ND; bend 1137  Ar IR 1
To = 23949 gas AB' A-X 379-418 nm FeN stretch 614.3 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. References
a 2 CH; deform. ~ 1060 gas AB 1 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
3 ZnC stretch ~265 gas AB 1 17, 237 (1984).
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HNiNH: C2oH3
X X C,, (bridged) Structure: CE!LD??
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
NH,; stretch 3367.5 Ar IR 1 Af CH stretch 3142.2 gas LD 3
3358.2 Kr IR 1
NiH stretch 1918.1 Ar IR 1 By = 1.142; C, = 1.046 LD*?
1918.1 Kr IR 1
NH; scissors 1533.3 Ar IR 1 References
1531.7 Kr IR 1
NiN stretch 676.5 Ar IR 1 'E. P. Kanter, Z. Vager, G. Both, and D. Zajfman, J. Chem. Phys. 85,
671.7 Kr IR 1 7487 (1986).
NH, wag 619.2 Ar IR 1 *T. Oka, Phil. Trans. Roy. Soc. (London) A324, 81 (1988).
618.7 Kr IR 1 M. W. Crofton, M.-F. Jagod, B. D. Rehfuss, and T. Oka, J. Chem.
Phys. 91, 5139 (1989).
DNIND: C2H;
X Rydberg state
- - T, = 59410 gas AB? 164-169 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas. N B
Vib. No. Approximate cm™! Med. Type Refs.
ND; stretch 25229 Ar IR 1 sym. type of mode meas.
NiD stretch 1431.3 Ar IR 1
ND,; scissors 11771 Ar IR 1 1306 Bas AB 3
NiN stretch 653.6 Ar IR 1
X Cs
References
Vib. No. Approximate cm™! Med. Type Refs.
'D. W. Ball, R. H. Hauge, and J. H. Margrave, High Temp. Sci. 25, 95 sym. type of mode meas.
(1988).
a” 7 Mixed OPLA 895.16 gas DL 4
900 Ar IR 2
HCUNHz
Ao = 7913; By = 1.083; C, = 0949 DL*
In an argon matrix, threshold for photodecomposition into Cu + NH;
near 400 nm.!
C2D;3
X
X (o
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
NH stretch 3329.5 Ar IR 1 -
CuH stretch 18512 Ar IR 1 a” 7  Mixed OPLA 704 Ar IR 2
NH, deform. 1524.1 Ar IR 1
NH, wag 592.2 Ar IR 1 *Rapid tunneling, giving effective C;, symmetry.*
References
DCuND:2 2R. A. Shepherd, T. J. Doyle, and W. R. M. Graham, J. Chem. Phys.
89, 2738 (1988).
X 3A. Fahr and A. H. Laufer, J. Phys. Chem. 92, 7229 (1988).
“H. Kanamori, Y. Endo, and E. Hirota, J. Chem. Phys. 92, 197 (1990).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ND stretch 2444.1 Ar IR 1
CuD stretch 1334.2 Ar IR 1
ND; deform. 11334 Ar IR 1
References

D, W. Ball, R. H. Hauge, and J. L. Margrave, Inorg. Chem. 28, 1599

(1989).
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CH:sN
AE Csy Structure: EM*

A-X 288-356 nm
A-X 284-317 nm

To = 31823.915(7) gas ABLEM!245
31576(20) N, AB’

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, CN stretch 758(4) gas uv 1,2
755(22) N, AB

e 6 CH; rock 728(4) gas EM 5

A =-228727) gas EM*
B, = 0.846 EM*

X A, G, Structure: EM?*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 CHj; s-stretch 2943(4) gas EM 2,5
2 CH; deform. 1349(4) gas EM 2,5
3 CN stretch 1040(4) gas EM 2,5
1029 N, AB 3
e 4 CHj; a-stretch 2989(4) gas EM 5
5 CHj; deform. 1490(4) gas EM 5

6 CH; rock 903(8) gas EM 2,5

B, = 0931 EM*

CDsN
A’E Cyy

To = 31774.158(2)° gas AB!EM?*S
31516(30) N, AB?

A-X 294-365 nm
A-X 295-318 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a CN stretch 759(4) gas uv 1,2
805(53) N, AB 3
CD; rock 579(4y gas EM 2

B, = 0.691 EM*

XA; Csy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 CD; deform. 941(4) gas EM 5
3 CN stretch 1110(4) gas EM 2,5
e 6 CD; rock 749(8) gas EM 2,5

B, = 0.744 EM*

?Observed as sequence band.
bCalculated assuming A (CD;N) = A(CH;N).

References

SE. L. Chappell and P. C. Engelking, J. Chem. Phys. 89, 6007 (1988).
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HSINH:

In an argon matrix, a prominent absorption maximum at 208 nm and a
shoulder at 220 nm have been assigned' to HSiNH,.

In an argon matrix, a weak, broad, unstructured absorption with maxi-
mum at 348 nm is associated with the photolysis of HSiNH, to produce
HNSi + H..! Subsequent irradiation at 254 nm reverses this photode-
composition.

X
Vib. No. Approximate cm™~! Med. Type Refs.
sym. type of mode meas.
NH; stretch 3494.5wm Ar IR 1
NH; stretch 3408.7w  Ar IR 1
SiH stretch 1975.3vs  Ar IR 1
NH,; scissors 1562.6m Ar IR 1
SiN stretch 866.4s Ar IR 1
NH, wag 570.4vs Ar IR 1
DSIND:
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

ND; stretch
ND; stretch
SiD stretch
ND, scissors
SiN stretch
ND, wag

2611.2wm Ar IR
2500.8wm Ar IR
1432.4vs Ar IR
1179.3vs  Ar IR
8143m  Ar IR
443.6ms Ar IR

Pt ek et et et

References

!G. Maier, J. Glatthaar, and H. P. Reisenauer, Chem. Ber. 122, 2403
(1989).

CH20H™*
X
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
OH stretch 3422.802 gas LD 2
CO stretch 1650(30) gas PE 1
CH; deform. 1370(30) gas PE 1

Ay = 6.590; B, = 1.146; C, = 0973 LD?
References

1J. M. Dyke, A. R. Ellis, N. Jonathan, N. Keddar, and A. Morris,
Chem. Phys. Lett. 111, 207 (1984).
>T. Amano and H. E. Warner, Astrophys. J. 342, L99 (1989).

CHsO
3s 2A 1 Csy

Resonance-enhanced MPI spectrum of CH;O between 313 and 328 nm
has been tentatively assigned to a two-photon absorption into this Ryd-
berg state, accompanied by a single-photon ionization.!®
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i24, Csy Structure: LF»#
y = 31614.51(4) gas EM!2I1ZAPS
LF5419.2023-25 A-X 271-421 nm
31291(3) Ar LF® A-X 270-420 nm
Evidence for predissociation above 36800.1
ib. No. Approximate cm™! Med. Type Refs.
ym. type of mode meas.
H 1 CH stretch 3079 gas LF 20
Umbrella 1315 gas LF 20
1308(4) Ar LF 22
3 CO stretch 660 gas AB,EM 5,12,20
LF
657(2)  Ar LF 22
e 4 CH; stretch 2962 gas LF 20
5 CH; scissors 1407 gas LF 20
14103) Ar LF 22
6 HCO deform. 595 gas LF 20
T =22Qus gas EMMLF441617.021
Ao = 4981(3); B, = 0.743 LF®»

XE Cy® Structure: LMR>MW!BLE?
Vib. No. Approximate cm™! Med. Type Refs,
sym. type of mode meas.

@ 1 CHj stretch 2840 gas LF 20
CH; umbrella 1362 gas LF 20
1356(2) Ar LF 22
3 CO stretch 1047 gas LF,EM 69,12
20
1044(2) Ar LF 22
e 4 CHj stretch 2774° gas LF 20
2758(3) Ar LF 22
5 CH, scissors 1487 gas LF 20
1406(2) Ar LF 22
6 HCO deform. 653 gas LF 20

A=-6197(7) gas LMR'MWWSEM!2] F023.24
Ao = 5.206(4); B, = 0932 LMR'MW!I I 232

CDs0O

3s A 7 Csy

Resonance-enhanced MPI spectrum of CD;0 between 313 and 328 nm
has been tentatively assigned to a two-photon absorption into this Ryd-
berg state, accompanied by a single-photon ionization.'

A‘za,

T, = 31554 gas LFSYEM"” A-X 282-410 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 CD; stretch 2015 gas LF 20

2 CD; umbrella 971 gas LF 20

3 CO stretch 663 gas EM,LF 12,20
e 5 CD, scissors 1047 gas LF 20

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

X ’E Ci*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ay 2 CO stretch 1000° gas LF 20
3 CDj; umbrella 893° gas LF 20
e 5 CD, scissors 1174 gas LFEM 6,12,20
6 DCO deform. 496 gas LF 20

A= —56(2) gas EM®
Bo = 0.740 MW

*Somewhat distorted by Jahn-Teller coupling.
*Tentative assignment.
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CH20H

3p Rydberg state C,

To = 41064 gas MPI*APB’ 3p-X 217-244 nm

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a’ 4 CH, scissors 1459 gas MPI 3
5 COH bend + 1091 gas MPI 3
CH, rock
6 CO stretch 1623 gas MPI 34
7 CH; rock + 1351 gas MP1 3
COH bend
a” 8 CH,; wag 950 gas MPI 3
9 Torsion 573 gas MPI 3

Threshold for photodecomposition into H,CO + H near 280 nm."?

3s Rydberg state C;

To = 35050 gas AB® 35-X 243-285 nm
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CD:0D
3p Rydberg state C,

To = 40913 gas MPI4AB® 3p-X 216-244 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 4 CD; scissors 1109 gas MPLAB 3,6
5 COD bend + 803 gas MPI 3
CD, rock
6 CO stretch 1565 gas MPLAB 34,6
a” 9 Torsion 440 gas MPI 3

3s Rydberg state C,
To = 35124 gas AB®

1461

References

J. Connor, G. Greig, and O. P. Strausz, J. Am. Chem. Soc. 91, 5695
(1969).

’p. J. Young, R. K. Gosavi, J. Connor, Q. P. Strausz, and H. E. Gun-
ning, J. Chem. Phys. 58, 5280 (1973).

CHslt
A 2A1 Cgv
T, = 16884 gas PE-PF&1!

A broad, unstructured absorption with onset near 420 nm (23800) and
with maximum at 373 nm (26800) which appears on argon-resonance
photolysis of CH;l isolated in solid argon and which has a photode-
composition threshold between 500 and 650 nm has been assigned’ to
the A-X transition of CH,I+.

References Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
°P. Pagsberg, J. Munk, A. Sillesen, and C. Anastasi, Chem. Phys. Lett.
146, 375 (1988). a; 1 CH; stretch 2810 gas PF 7
®P. Pagsberg, J. Munk, C. Anastasi, and V. Simpson, Chem. Phys. Lett. 2 CH; umbrella 1192 gas PF 9-11
157, 271 (1989). 3 CI stretch 294.2 gas PE,PF 39-11
A®= 5.07(5); B°= 0.185 PF$?
CHsS
X°E Cy
A4, Csy Structure: LF° :
To = 26399 gas EM’LF®’ A-X 365-520 nm Vib. No. Approximate cm™! Med. Type Refs.
Predissociation threshold < 27300.° In an argon matrix, CH,SH is sym. type of mode meas.
formed.’
a 1 CH; stretch® 2970(50) gas PE 2,3
Vib. No. Approximate cm™! Med. Type Refs. 2 CH; umbrella 1254 gas PEPF  1-39
sym. type of mode meas. 3 CI stretch 492(50) gas PE 1,3
e 4 CH; stretch 3060(50) gas PE 34
ai 3 CSstretch 401 ges EM,LF 2,6,9 6  CHs rock 920(50)  gas PE 3
7o = 310Q20) ns gas LF% 760(60) ns gas LF® Spin-orbit splitting = 5050 gas PE'“PF>!
Ay = 5.343(47); Bo = 0.346 LF®
+
X E Csy Structure: MWLF’ CD3|
A4, Ci
Vib. No. Approximate cm™! Med. Type Refs. 7911
sym. type of mode meas. To = 16982 gas PE,PF
a; 2 CHj; umbrella 1316(4) gas PDLF 4,6 Vib. No. Approximate cm™! Med. Type Refs.
3 CS stretch 740(4) gas EM,PE 2-46 sym. type of mode meas.
PD,LF
a 1 CD; stretch 2100 gas PF 9
A = —2555 gas LF° 2 CD; umbrella 918 gas PF 10,11
Ay = 5.68(4); By = 0450 MW'LF® 3 CI stretch 276.3 gas PF 10,11
References
. . X’E Csy
9Y.-C. Hsu, X. Liu, and T. A. Miller, J. Chem. Phys. 90, 6852 (1989).
Vib. No. Approximate cm™! Med. Type Refs.
CHsTe sym. type of mode meas.
B Cov o @ 1  CDsstretch 2125 gas  PF 1
T, = 41068 gas AB“ B-X 225-245 nm 2  CDs;umbrella 952 gas PF 7
3 CI stretch 442 gas PF 11

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 CH; deform. ~1100 gas AB 2

Spin-orbit splitting = 5036 gas PF!
*From vertical ionization potential.

*From study of band at 16978 in 4 — X 2K, transition.
Identified for 2E,,, but not for 2Ej,.
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References X — Continued
UK. Walter, R. Weinkauf, U. Boesl, and E. W. Schlag, J. Chem. Phys. Vib. No. Approximate cm-! Med. Type Refs.

89, 1914 (1988). sym. type of mode meas.

— 3 PH, scissors 1123.9 Ar IR 1
CH3S 4 POH deform. 1074.8 Ar IR 1
Threshold for electron detachment from ground-state CH3;S™ = 5 PH, wag 915.0 Ar IR 1
15020(30) gas PDZPEI,3 6 PO stretch 797.1 Ar IR 1

a” 7 PH; a-stretch 2278.1 Ar IR 1

X Cs 8 PH,; rock 848.1 Ar IR 1

9 Torsion 375.3 Ar IR 1

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

c-D2.POD
a, 3 CS stretch 770(190) gas PE 3

X G
References Vib. No. Approximate cm™! Med. Type  Refs.

sym. type of mode meas.
'P. C. Engelking, G. B. Ellison, and W. C. Lineberger, J. Chem. Phys.

69, 1826 (1978). a 1  OD stretch 2688.5  Ar IR 1
B. K. Janousek and J. I. Brauman, J. Chem. Phys. 72, 694 (1980). 2 PD, s-stretch 1679.1 Ar IR 1
3S. Moran and G. B. Ellison, J. Phys. Chem. 92, 1794 (1988). 3 POD deform. 828.5 Ar IR 1

4 PD; scissors 813.6 Ar IR 1
5 PO stretch 796.1 Ar IR 1
PHs0 6 PD,wag 681.6 Ar IR 1
X c a” 7 PD; a-stretch 1658.5 Ar IR 1
» 8  PD,rock 622.6 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. References
a 1 PHj stretch 2359.0°  Ar IR 1 IR. Withnall and L. Andrews, J. Phys. Chem. 91, 784 (1987).
2 PO stretch 1240.2 Ar IR 1
3 PH; umbrella 1143.5 Ar IR 1
e 4 PH, stretch 2371.5 Ar IR 1 H3Aso
5 PH; deform. 1114.3 Ar IR 1
6 HPOdeform. 8530 Ar IR 1 X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
PDsO
X c AsH stretch 2173.5s Ar IR 1
» AsH stretch 2170.1s  Ar IR 1
AsH; deform. 983.4s Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs. AsH; deform. 979.8s Ar IR 1
Sym. type of mode meas. As=0 stretch 937.9vs  Ar IR 1
HAsO deform. 817.1m Ar IR 1
a 1 PD; stretch 1721.1 Ar IR 1
2 PO stretch 1217.3 Ar IR 1
3 PD; umbrella 843.6 Ar IR 1
e 6 DPOdeform. 6559  Ar IR 1 D3AsO

; , x

*In Fermi resonance with v, + vi.
References Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
'R. Withnall and L. And , J. Phys. Chem. 91, 784 (1987).
thnat an ndrews ys. Lhem (1987) AsD stretch 15682 Ar IR 1
AsD stretch 1559.8 Ar IR 1
= h 938.2vs  Ar IR 1
c-H POH As=0 stretc
2 AsD; deform. 707.8 Ar IR 1
X C, AsD; deform. 704.9 Ar IR 1
DAsO deform.  576.3 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. References
a" 1 OHstretch 3643.6  Ar IR 1 'L. Andrews, R. Withnall, and B. W. Moores, J. Phys. Chem. 93, 1279
2 PH, s-stretch 2304.8 Ar IR 1 (1989).
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H.AsOH References
X 'L. Andrews, B. W. Moores, and K. K. Fonda, Inorg. Chem. 28, 290
1989).
Vib. No. Approximate cm™! Med. Type Refs. ( )
sym. type of mode meas.
H2SbOH
OH stretch 3652.2 Ar IR 1
AsH stretch 20922 Ar IR 1 x
AsH stretch 2086.3 Ar IR 1
AsH stretch 2080.7 Ar IR 1 Vib. No. Approximate cm™! Med. Type Refs.
AsH, scissors 976* Ar IR 1 sym. type of mode meas.
AsH, scissors 974.5 Ar IR 1
HAsO deform.  813° Ar IR 1 OH stretch 3654 Ar IR 1
HAsO deform. 806.7 Ar IR 1 SbH; stretch 1836.8 Ar IR 1
AsH, rock 687.2 Ar IR 1 SbO stretch 583.5 Ar IR 1
AsO stretch 647.9s Ar IR 1
Torsion 366* Ar IR 1
Torsion 297.5 Ar IR 1
D2SbOD
X
D.AsOD
Vib. No. Approximate cm™! Med. Type Refs.
X sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. OD stretch 2697 Ar IR 1
sym. type of mode meas. SbD; stretch 1320.6 Ar IR 1
SbO stretch 598 Ar IR 1
OD stretch 2694.6 Ar IR 1
AsD stretch 1504.2 Ar IR 1
AsD stretch 1498.9  Ar IR 1 References
AsOD deform.  762.0 Ar IR 1
AsD, scissors 697.7 Ar IR 1 'L. Andrews, B. W. Moores, and K. K. Fonda, Inorg. Chem. 28, 290
AsO stretch 647.8 Ar IR 1 (1989).
AsDs rock 516.1 Ar IR 1
*Believed to be contributed by the other rotamer of the cis-trans pair. 6.9. Five-Atomic Dihydrides
References CuszH:
L. Andrews, R. Withnall, and B. W. Moores, J. Phys. Chem. 93, 1279 X
(1989).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HsSbO
1082.1 Ar IR 1
X 10397 Ar IR 1
537.1 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
@ 3  SbH,deform. 7918  Ar IR 1 CusD:
e 4 SbH; stretch 1970 Ar IR 1 X
Vib. No. Approximate cm™! Med. Type Refs.
D3Sbo sym. type of mode meas.
X 781 Ar IR 1
755.7 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
References
a 2 Sb=0 stretch 824.6 Ar IR 1
3 SbD; deform. 568 Ar IR 1 'R. H. Hauge, Z. H. Kafafi, and J. L. Margrave, in “Physics and Chem-
e 4 SbD; stretch 1413 Ar IR 1 istry of Small Clusters,” P. Jena, B. K. Rao, and S. N. Khanna, Eds.,
6 DSbO a-deform. 402.0 Ar IR 1 p- 787 (Plenum, New York, 1987).
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LiC2H2 HMgOMgH
X Cy b's
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a 1 CH s-stretch 2952 Ar IR 1 MgH stretch 1561.3 Ar IR 1
2 C=C stretch 1655 Ar IR 1 MgO stretch 936.7 Ar IR 1
4 CLi s-stretch 600 Ar IR 1
b 6 CH deform. 479 Ar IR 1
b, 7 CH a-stretch 2908 Ar IR 1
8  CHadeform. 714 Ar IR 1 DMgOMgD
X
Li0202 Vib. No. Approximate cm™! Med. Type Refs.
X sym. type of mode meas.
MgD stretch 1145.1 Ar IR 1
Vib. No. Approximate cm~! Med. Type Refs. MgO stretch 925.6 Ar IR 1
sym. type of mode meas.
as 1 CD sstretch 2272 Ar IR 1 References
2 C=C stretch 1561 Ar IR 1
b 6 CD deform. 366 Ar IR 1 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
b, 7 CD a-stretch 2161 Ar IR 1 18, 97 (1984).
8 CD deform. 576 Ar IR 1
HMg.OH
References %
L. Manceron and L. Andrews, J. Am. Chem. Soc. 107, 563 (1985).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
HFeCCH
MgH stretch 1524.4 Ar IR 1
X MgO stretch 736.2 Ar IR 1
MgOH bend 692 Ar IR 1
Vib. No. Approximate cm~! Med. Type Refs. MgMg stretch ~ 544.2 Ar IR 1
sym. type of mode meas.
CH stretch 3276.2 Ar IR 1
C=Cstretch 19764 Ar IR 1 DMg.OD *
1974.8 5
FeH stretch 1765.0 Ar IR 1
1762.6
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
DFeCCD MgD stretch 1109.6  Ar IR 1
MgO stretch 704.4 Ar IR 1
X MgOD bend 569 Ar IR 1
MgMg stretch 536.6 Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. ® 80.substituted species.
CD stretch 24328  Ar IR 1 References
C=C stretch 1862.7 Ar IR 1
1861.0 'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
FeD stretch 1269.4 Ar IR 1 18, 97 (1984).
1267.2
References

'E. S. Kline, Z. H. Kafafi, R. H. Hauge, and J. L. Margrave, J. Am.
Chem. Soc. 107, 7559 (1985).
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HCaOCaH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
CaH stretch 1179.0 Ar IR 1
CaO stretch 726.1 Ar IR 1
HCaO bend 515.1 Ar IR 1
DCaOCaD
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
CaD stretch 851.6 Ar IR 1
CaO stretch 715.0 Ar IR 1
References

1. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.

18, 97 (1984).

HCa2OH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
CaH streich 1239.2 Ar IR 1
CaO stretch 588.6 Ar IR 1
References

'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.

18, 97 (1984).

HMnOMnH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
MnH stretch 1648.7*  Ar IR 1
1643.2?
1637.7
MnOMn stretch  874.5% Ar IR 1
872.3*
870.4
DMnOMNnD
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
MnD stretch 1174.5 Ar IR 1
MnOMn stretch  870.3 Ar IR 1

*Diminished in intensity when matrix was annealed.

References

'J. W Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).

HMn2OH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
MnH stretch 1562.0 Ar IR 1
1556.4
MnO stretch 640.1 Ar IR 1
References

3. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (19895).

HFeOFeH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
FeH stretch 172400 Ar IR 1
1708.2
FeO stretch 914.5° Ar IR 1
911.8
DFeOFeD
X
Vib. No. Approximate cm™~! Med. Type Refs.
sym. type of mode meas.
FeD stretch 1239.2*  Ar IR 1
1231.8*
1228.7
FeO stretch 914.3* Ar IR 1
911.7

2Diminished in intensity when matrix was annealed.
References

!J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3541 (1985).

HFe2OH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
FeH stretch 1713.1 Ar IR 1
FeO stretch 649.9 Ar IR 1

522.4 Ar IR 1

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990
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DFe2OD cyc-CsD2
X X CZV
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
FeD stretch 1215.8 Ar IR 1 1261.8 Ar IR 7

FeO stretch 630.4 Ar IR
521.7 Ar IR

References

7. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,

3541 (1985).

HNi:OH
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
OH stretch 3660.5 Ar IR 1
NiHNi stretch 1187.0 Ar IR 1
1134.2 Ar IR 1
NiONi stretch 662.7 Ar IR 1
Deformation 593.2 Ar IR 1
DNi-OD
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
OD stretch 2717.5 Ar IR 1

NiDNi stretch 868.5 Ar IR
830.9 Ar IR

References
M. Park, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 25, 1
(1988).
cyc-CsH2

Photodecomposition threshold in an argon matrix near 360 nm; linear

C;H, formed."%’

X Cu Structure: MW*3

Vib. No. Approximate cm~! Med. Type Refs.

sym. type of mode meas.
1278.6 Ar IR 1,6,7
1277.7
1063.6*  Ar IR 1,6,7
887.1° Ar IR 1,6,7
787.8 Ar IR 1,6,7

Ay = 1L.171; By = 1.075; C; = 0.559 MW??

J. Phys. Chem. Ref. Data, Vol. 19, No. 6, 1990

?Did not diminish in intensity on mercury-arc irradiation at wave-
lengths longer than 345 nm,’ calling into question the assignment to

cye-C3H,.

References

’J. W. Huang and W. R. M. Graham, J. Chem. Phys. 93, 1583 (1990).

H.C=C=C:
Photoisomerization to HCCCH occurs at 254 nm.!?
X: Ca
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 CH, s-stretch 3059.6 Ar IR 1,2
3049.5
2 C; a-stretch 1963.2 Ar IR 1,2
1952.2
3 CH, scissors 1449.3 Ar IR 1,2
1446.9
b 5 H,CC OPLA 1003.0 Ar 1R 1,2
999.2
b,y 8 CH, rock 1025.0 Ar IR 1

*Singlet state.

References

2J. W. Huang and W. R. M. Graham, J. Chem. Phys. 93, 1583 (1990).

HCCCH
XA C, Structure: ESR!'IR, MO*®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ CH stretch 3266.0s  Ar IR 5-7
3285 Kr IR 3
C; a-stretch 1619.4w  Ar IR 6,7
CCH s-bend 550.4m  Ar IR 6
402.6 Ar IR 4-7
401.5wm
408 Kr IR 3
a” 7 HCC wag 248.5 Ar IR 4-7
245.9s
258 Kr IR 3
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DCCCD D.CCN
XA C, X B, Cyv
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ CD stretch 24579s  Ar IR 4,6,7 b 5 D,CC OPLA 538 gas PE 1
2482 Kr IR 3
C; a-stretch 1529.0w  Ar IR 6,7 *From computer fit.
CCD, C;bend 384.0m  Ar IR 6,7
392 Kr IR 3 References
a’ 7 DCC wag 171m Ar IR 4
!S. Moran, H. B. Ellis, Jr., D. J. DeFrees, A. D. McLean, and G. B.
Ellison, J. Am. Chem. Soc. 109, 5996 (1987).
References

$G. Maier, H. P. Reisenauer, W. Schwab, P. Carsky, V. Spirko, B. A. H2CNC
Hess, Jr., and L. J. Schaad, J. Chem. Phys. 91, 4763 (1989). X2
’J. W. Huang and W. R. M. Graham, J. Chem. Phys. 93, 1583 (1990). B1 Cov
Vib. No. Approximate cm™! Med. Type Refs.
HCCH=C: sym. type of mode meas.
On exposure of the sample t9 radiation of wavelength longer than 250 by 5 H,CN OPLA 615 gas PE 1
nm, the 1959.5 cm™! absorption decreases and the 3292.4 cm~! absorp-
tion grows. This process is reversed on irradiation of the sample at
wavelengths longer than 295 nm.
D.CNC
X C,
X ZB 1 sz
Vib. No. Approximate cm™! Med. Type Refs.
Sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
CH stretch 3292.4* Ar IR 1
CC stretch 1959.5*  Ar IR 1 by 5 D,CN OPLA 486* gas PE 1
*From computer fit.
DCCD=C: References
X G 'S, Moran, H. B. Ellis, Jr., D. J. DeFrees, A. D. McLean, S. E.
Paulson, and G. B. Ellison, J. Am. Chem. Soc. 109, 6004 (1987).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Ca(OH).
CD stretch 2472.1*  Ar IR 1 5
CC stretch 1938.6° Ar IR 1
*Tentatively assigned to cis- isomer. Vib. No. Approximate cm™! Med. Type Refs.
*Tentatively assigned to frans- isomer. sym. type of mode meas.
References CaO a-stretch ~ 591.9 Ar IR 1
1J. W. Huang and W. R. M. Graham, J. Chem. Phys. 93, 1583 (1990).
Ca(OD).
H2.CCN ¥
X 'By sz
Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
CaO a-stretch 594.6 Ar IR 1
b 5 H,CC OPLA 680° gas PE 1

References

1J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci.
18, 97 (1984).
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Ba(OH). Ni(OD).
X x
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
BaO a-stretch 482.1 Ar IR 1 ONiO stretch 777.4 Ar IR 1
770.4
Ba(OD): References
X M. Park, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 25, 1
(1988).
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
H2CCN—
BaO a-stretch 472.0 Ar IR 1 .
Dipole-Bound State C,,
To = 12428.665(2) gas PD**
References ’ B
- . -
'J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci. Vib. No. Approximate cm Med.  Type Refs.
18, 97 (1984). sym. type of mode meas.
951(10) gas PD 4
Fe(OH)2 b 5 H,CC deform. 692(10) gas PD 4
X Ay = 9.510; B, = 0.341; C, = 0329 PD?
Vib. No. Approximate cm™! Med. Type Refs. References
sym. type of mode meas.
‘D. M. Wetzel and J. I. Brauman, J. Chem. Phys. 90, 68 (1989).
OFeO stretch 735.5 Ar IR 1
HN=C=NH
X C
Fe(OD): ’
X Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. a 2 NCN s-stretch 1285(20)* gas IR 2
1275° Ar IR 1
OFeOstretch 7217  Ar IR 1 5 NCNdeform.  537Tm  Ar IR 1
b 7 NCN a-stretch ~ 2104.7 gas IR 2
2097s Ar IR 1
886vs Ar IR 1
!J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89, Ao = 12.650; By, = 0.346; C, = 0.346 IR,MW>#
3541 (1985).
. DN=C=ND
Ni(OH):
X
X
Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym. type of mode meas.
sym. type of mode meas.
a 1 ND stretch 2545s° Ar IR 1
ONiO stretch 800.8 Ar IR 1 5 NCN deform. 471m Ar IR 1
795.5 b 6 ND stretch 2545s° Ar IR 1
7 NCN a-stretch ~ 2107vs Ar IR 1
8 ND deform. 752s Ar IR 1
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?Calculated from (v, + vg) combination band.

*Both ND-stretching frequencies presumed equal.



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES 1469

References DC=CSD
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IM. Birk and M. Winnewisser, Chem. Phys. Lett. 123, 386 (1986).
*M. Winnewisser and M. Birk, J. Chem. Soc., Faraday Trans. 2 84, Vib. No. Approximate cm™! Med. Type Refs.
1341 (1988). sym. type of mode meas.
“M. Birk, M. Winnewisser, and E. A. Cohen, J. Mol. Spectrosc. 136,
402 (1989). CD stretch 2580s Ar IR 1
C=C stretch 1925vw  Ar IR 1
SD stretch 1835vw  Ar IR 1
HCCOH CCD bend 430m Ar IR 1
X c, (L plane)
Vib. No. Approximate cm™! Med. Type Refs. References
sym. type of mode meas.
'A. Krantz and J. Laureni, J. Am. Chem. Soc. 96, 6768 (1974).
a’ 1 OH stretch 3501.3s  Ar IR 1 2A. Krantz and J. Laureni, J. Am. Chem. Soc. 103, 486 (1981).
2 CH stretch 3339.6m Ar IR 1 3M. Hawkins, M. J. Almond, and A. J. Downs, J. Phys. Chem. 89, 3326
3 C=C stretch 2198.3vs  Ar IR 1 (1985).
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